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The reft:rences of t_is search are at :raged as follows:

I. GEneRAL

A. Bibliographies

B. General articles, reviews, books

C. Conferences, etc.

D. Theory

E. Apparatus and measurement techniques

II. MATERIALS

A. Thermoelectric properties

B. Thermionic properties

III. POWER GENERATION

A. Thermoelectric converters

B. Thermioni¢ converters

C. Miscellaneous thermal energy conversion devices

IV. THERMOELECTRIC COOLING

The references are arranged chronologically within each subject heading.

The following sources have been searched:

ASTIA TABS - October 1962 through December 1963

Astronautics Information Abstracts and Surveys -

January through•August, 1963

Applied Science a_d Technology Index (AS&TI) -

1962 through December 1963

Engineering Index (El) - 1962 through January, 1964

Electrical Engineering Abstracts (EF_) -

November 1962 through December 1963

Nuclear Science Absa facts (NSA) -

t,nuarv 1963 throvgh January _0, 1964

Physics Abstracta (PA) I,tlv 1962 through Decembtc Ig_,;

JPL Library Additions Subject Printout -

January through December 1963

JPL0893-5 JUN62



R_-,/cr.,_c_,.:c._ of a clas.,Ll:.,,.! nal.ure _Jnd reference,_ ,,therwise

re_ecicL_,d J.n distribution ,lnd availability have been included in

Supplement 1 to this search.

The f,.!lov_ing topics were searched in the afo:.*ementioned references:

AST [A E1

au×._,.!i_ry power systems
batteries

bibliographies

electric power production

generators
semic onduc tors

thermionic s

thermoelectric ity

AIA and AIS

SNAP

solar energy

solar power systems

nuclear energy
power supplies
thermionic converters

thermionic power systems

thermoelectric, power systems
thermoelectric converters

ASTI

electric power

electrons,
thermionic emiss ion

isotopes
Peltier effect

Seebeck effect

solar batteries

solar power

space vehicles,

auxiliary power
thermionics

thermocouples

thermoe lec tric ity

electricity, direct conversion

electric batteries, radioactive

isotopes

magnet ohy dr o dynamic s

metals and alloys

nuc lear energy

refrigeration, thermoelectric

rockets and missiles,

auxiliary power systems

power generation, solar.

satellites, power supplies
semiconductors, thermoelectric

space vehicles, power supplies

thermocouples

thermo e lec tric ity

NSA

auxiliary power systems
bib I iogra phie s
electrical conversion

nuclear batteries

solar batteries

thermoelectric conversion

thermoelectric effect

semiconductors, thermoelectric
SNAP

radioisotopic power

genera tot s
thermionic cells

thermionic converters

power supply

plasma, theL_ionic converter

materials, thermoelectric

solar power

PA (sections scanned)

current electricity

nuclear power studies

nuc ].ear radioactivity

-"_ -tate physics :SO • Lu

electrical properties of solids

thermoelectric properties
ion emission

plasma, electron emission



¢" , .,,il.,' t, , ,

A. _Lul.iogr,,phi_.s

1833 (AD-249100) POWFR SUPPI.IES. An ASTIA

Report Bibliography. (Armtxl S_rvices Technical la-

formati_n Agency, Arlington 0 Va.). Jan. 1961. 313p.

Re_erences {about 1800) arc included to unclassi(ied re-

ports in _STL_'s AD collection (1953 to present) on power

supplies. Most of the rt.ferences are related to power sup-

pl!es for space research, but entries pertaining to more

conventional applications and related topics such as space

radiation are included. Information on requisition of the

reports is also given. (D.C.W.) _d_/_ bq"

110.652
(Period covered: 1953-1960)

January 1961
Armed Services Technical

Information Agency
Report Bibliography

Fuel cells

Power systems, solar
Batteries

Power systems, nuclear
Power sources, electrochemical
Power systems, chemical

Cenerators, thermoelectric

Engines, gas generator
Bibliographies (power devices)

UNCLASSIFIED

POWER SUPPLIES; an ASTIA Report Bibliography (U)

Secret

(ASTIA A!)-321 100)

UNCLASSIFIED

93498 DIRECT ENERGY CONVERSION LITERATURE ABSTRACTS

September 1961 Unclassified
Navy Dept. (Bibliography-Issue 2)
Naval Research Laboratory
Abstracts

This is the second in a series of bibliographies covering
the literature on direct energy conversion. The material is
divided into the following subjects: energy conversion, thermo-

electricity, thermionic emission, photoelectric processes, magneto-

hydrodynamics, electrochemical processes, energy storage, energy
sources, and regulation and control.

Bibliography -- Converters
Thermoelectric converters -- Bibliography

Thermionic converters -- Bibliography
Photoelectric cells -- Converters

Magnetonydrodynamic converters -- Bibliography

Converters -- Bibliography



U_CIASS[FIED

DIRECT ENERCY CONVERSION t.ITERA_'JKE ABSTRACTS

Aprll 1962 Unclassified

Navy Dept. (Bibllography-Issue 3)
Naval Research I_boratory

Abstracts

This is the third in a series of bibliographies covering

unclassificd llterat.re rt_lated to the direct conversion of energy.

SuL_,:r coverage _lclu 'h_s therm_electricity, thermionic ,_mts_[on,
photoelectric prc,:e_ses, magnetohydrodynamlcs, electrochemical pro-

cesses, energy storage, and energy sources.

Bibliography

Energy
Thermionics

: 37004 111TRI-I194-13) LITERATURE SURVEY ON

WORLD ISOTOPE AND RADIATION TECIINOLOGY. Final

Report, June 15, 1961 to June 14, 1962. J. W. Haffner

{IllinoisInst.of Tech., Chicago. lIT Research Inst.).

Contract AT(II-I)-578. 66p.

In order to study the uses and technology of radloiso-

topes in the countries of the world, with particular refer-

ence to the USA and USSR, a survey of the open literature

appearing since 1955 was made. Papers or abstracts of

papers were classified by country, year of publication.

and subject matter. The subject material was divided into

the following eight categories: industrial applications of

radioisotopes; metallurgy research;'geology, mining, and

meteorology; radiochemlstry research; physics research;

radioisotope apparatus and techniques; food, botany, and

agriculture; zoology and medicine. The surx'ey was planned

to Include two phases. Phase I involved the direct com-

parlson of radioisotope work in all fields in various coun-

tries as demonstrated at international conferences. Phase

R _as devoted to a more detailed study of work tn thc abos-e

fields using such literature sources as Nuclear Science
Abstracts. In Phase 11, the work of most countries in each

category was analyzed by chronological growth rate. sub-

category region of Interest, and quality of the research

being published. The main results of Phase I! are pre-

sented In graphical and tabular form. The results and

conclusions presented were based upon the literature ex-

amined In the course of this investigation. (auth) At _/q "_

UNCLASSIFIED

110372 AUXILIARY POWER SOURCES IN SPACE: TECHNICAL DOCUMENTATION,

VOLUME II OF III

Jt'ly 30, 1962 Unclassified
North American Aviation, Inc. (Projects: SNAP)

Space and Information Systems Division
SiD 62-708

This hlb_iographic search surveys the literature on Systems
for Nuclear Auxili_ry Power - SNAP - from 1957 to date, with special

emphasis on space tppllcationS of these de.Ices.

SNAP (Project)
Power systems, nuclear
Space power systems
Bibliographies (power systems)

l':lect ron levels, ele,.! roehetnleal e_fects, and
therllloeh,t'lrl_'ltv. %%'. "P. Scott. btbllog /kin
J Phl,s 30:'/_'/-3"_O 'G2

]3nekgrotln',l and futt%t'e of en_rR'Y conver_toq.
C. C. Furnas. blbllo_r l_:lec Enx $1:$45-$ N
'61



/_D-2')3 856 Dip. 7, 2_

(rlSTM/EJll) OTS price $3.50

Naval Research Lab., Wash|ngton, D. Co

DIRECT ENERGY CONVERSION LITERATURE AI_STRACTS.

Dec 62, 121p,
Unclassified report

DESCRIPTORS: 'Thermoelec_ricity. 'Thermlonic

emission. "Magnetohydrodynamjcs. "Power
supplies, "Fuel cells. "Solar celll. "Bib-

liography. Photoelectric cells, Primary bat-
teries, Nuclear power plants, Storage bat-
teries, Auxiliary power pl_nts, Biochemistry.

Energy. Electrochemistry. Abstracting.

Contentss

Energy conversion (general information, bib-
liographies, patents)

Thermoeiectricity (general inf0r_ation, theory.
related phenomena, materials, design, appli-
cations)

Thermionic emission (general information, theory,
electrode properties, plasma properties,

design parameters, devices, systems)

Photoelectric process (photovoltalc, photo-
emissive, high energy processes)

Magnetohydrodynamics [general information.
principles, plasma properties, devices)

Electrochemical processes (fuel cells, primary
batteries)

Energy storage (general information, chemical)

Energy sources (chemical fuels I nuclear, solar

collection and concentratlo|J ,_ _0_
Regulation and contro|

UNCLASSIFIED

112751 DIRECT ENERGY CONVERSION LITERATURE ABSTRACTS
December 1962 Unclassified

Navy Dept.
Naval Research Laboratory
Abstracts

A collection of references from various sources is presented
covering the current literature on thermoelectrtcity, thermtonic
emission, photoelectric processes, magnetohydrodynamics, electrochemical
processes, energy storage, and energy sources.

Bibliographies (power devices)
Solar cells

Converters, thermionlc
Converters, thermoelectric
Solar collectors

Power sources, nuclear
Energy conversion

#I1322 (NP-12429) DIRECT ENERGY COI_¢ERSION

LITERATURE ABSTRACTS. (Naval Research Lab..

Washington. D.C.). Dec. 1962. 121p.

A colIectlon of 735 references from various sources Is

p "esented covering the current literature on thermoelec-

tricity, thermlonic emission, Fhotoelectrlc processes.

magnetohydrodynamics, electrochemical processes, en-

ergy storage, and energy sources. (aut_h) ,_ _[. 1_

3



P_._i':3: AND _PEItS : )It l'o,,Z I"II_M OAK ltIDGF NA-

TIONAL i.Ail()I{AIOItY. K.O. John_s,,n and ArmS. Klein,

eds. (Oak Ridge Nationa! l.ab., Fenn ). Contract W-7405-

eng-26. 248p.

The titles of v, ritten and oral scientific information

originating at ORNLduring 1962 are listed. The publica-

tions are listed by d'.'vision with each list divid,_d into 5

categories: hooks, journal articles, papers at professional

meetings, reports, and theses. A keyo,.vord index and an

author Index are included. (M.C.G.) _. _ /_ (_ _-_

|$4|$ (T!D-3561(Rev. 3)) DIRECT ENERGY CONVER-

SION DEVICES AND SYSTEMS FOR NUCLEAR AUXILIARY

POWER (SNAP). A Llte:ature Search. S!dney g. Lanier

and Henry D. Ra!efgh (Division of Technical Information

Extension, AEC). Jan. 1.q63. 63p.

A total of 553 references are listed on the SNAP program

and related topics. The references were taken from Nuclear

Science Abstracts to Dec. 31, 1962. The contents are ar-

ranged in sections on radioisotope-fueled units, reactor-

fueled units, direct energy conversion, and general topics

on nuclear auxiliary power. (J.R.D.) /'_S_ I b'_

2|392 (NP-12749) LIST OF PUBLICATIONS AVAIL-

ABLE TO THE PUBLIC. CUMULATION NO. 7, JANU-

ARY-DECEMBER 1962. (United Kingdom Atomic Energy
Authority. Research Group. Atomic Energy Research

Establishment, Harwell, Berks, England). Mar. 1963.
108p.

References (146J.) are given to reports, journals, books,
and translations listed during 1962 on subjects of interest

to nuclear science. Separate author and report number

indexes are included. (P.C.H.) _ _ _7_ '_ "_

AD-409" 902 Div. 7. 12. 1
(TISTA/PCR) OTS price $10.10

Aerospace Corp., Los Angeles, Calif.
APPLIED RESEARCII PROGRAMS ABSTRACT BULLETIN.

FLIGIIT VEIIICLE POWER AND MATERIALS. ABSTRACTS
2-399 THROUGH 2-518, JAN-MAR 63,

by K. B. Andrews. N. B. Crow, R. C. Evans, I. S.
llicks,. E. Moore and others. Mar 63, Iv. Rept. me.
TDR930 2701 01TN1, v2, pt. I. so. 5

Contracts AF04 647 930 and AF04 69_ 169

DCAS TN61 3, vol. 2, pt. I, no. 5
Unclassified. report

Descriptorst (*Power supplies. Spaceborse),
(*Auxiliary power plants, Spat,borne). Air.-

borne. Indexes. Abstracts, Chemicals, Mag-
netohydrodynamics, Nuclear industrial applica-
tions. Solar cells. Solar panels, Thermlonlc
converters. Thermoelectricity, Materials,
Metallurgy. Refractory materials, Polymers,

Composite materials. Magnetic materials.
Fluids, Lubricants. Manufacturing methods.
Processing. Batteries and components. Fuel
cells, Nuclear power plants. Electric power
production. Electric propulsion. Satellites
(Artificial), Launch vehicles (Aerospace).

Nuclear propulslol.

This Bulletln contains abstracts of the us-

classified literature on the subject of Flight
Vehicle Power. The following categories arel

(I) Chemical Sources of Energy| (2) Magneto-
hydrodynamic Systemsj (3) Mechanical Devices|
(4) Nuclear Sources of Energy| (5) Solar
Sources of Energy; (6) Thermionlc Devices| (7)
Thermoelectric Devices. Abstracts of selected

references in the field of materials are also
included. All abstracts are prepared from the

original reports and are limited to those avail-
able within Aerospace Corporation. References

"2674& (tAMS-2895) SELECTED BIBLIOGRAPHY OF

'PUBLICATIONS OF LASL RESEARCH 1957-11,62. Bar-

bars Hendry and MarJorte Johnson (Los Alamos Scien-

tific Lab., N. Mex.). Apr. 17, 1963. Contract W-74OS-

eng-36. 368p.

All publications other than LA and LAMS reports that

appeared during the years 1957-62 and that covered work

done at the Los Alamoa Scientific Laboratory are included

in 2082 references. Entries are arranged first by year and

then alphabetically by first author. Abstracts are sepa-

rated from full papers and are arranged In a separate

alphabet at the end of each year's listing. Entries are des-

Ignated by numbers beginning with the last two figures of

"the year of publication; numbe, s for abstracts carry tim

letter A at the end. An addendum listing publications dis- '

covered after the main body of the bibliography had been

prepared has entries designated with m_mbers beginning

with Add-. They are arranged alphabe:lcally by firot

author regardless of year of publication. An author index

and li_ting by LADe fiumber is given for all entries, In-

cluding those in the addendum. A tabulation of the number

of papers published in each journal appears in Appendix L

ts.w.aj Io5_ i_,_ 4



UNCLASSIFIED

A REPORT BIBLIOGRAPHY

Unclassified

(ASTIA AD-299 415)

113400 EI_ECTROC}tk_ICAL cONVERSION DEVICES:

(Supplement to ASTIA A_249 lO0)

Rice, Randall G. (Compiler)
April 1963

Armed Services Technical

Information Agency
Bibliography

In updating the ASTIA Power Supplies bibliography of
January, 1961, the listed reports have been restricted to electro-
chemical conversion devices, as nearly as possible, with the

emphasis on the arrangement of the references for display being
on class of device rather than its applications. Because of its

related interest, a section on thermoelectrlcs and thermoelectrlclty
has been added to this bibllographv. The entries in this biblio-

graphy repzesent reports in the ASTIA collection for the period o£
approximately January 1961 through 1962.

Bibliographies (power devices)
Batteries
Solar cells
Fuel cells UNCLASSIFIED

Thermoelectrlcity

117554 AUXILIARY POWER SYSTEMS FOR SPACECRAFT:

BIBLIOGRAPHY (135 refs.)
(Period covered: 1962-1963)
Stromer, Peter R. (Compiler)

May 1963

Lockheed Aircraft Corp.
Missiles & Space Division

AF 04(695)-136
Bibliography

Bibliographies (power dlvlces)

Spacecraft power systems
Power sources, nuclear

_ower sources, solar

UNCLASSIFIED

AN ANNOTATED

Unclassified
(R-8-55-63-4)

(SB-63-46)

26948 (TID-3717) INFORMAL LISTING OF BIBLIOG-

RAPHIES OF ATOMIC ENERGY UTERATU1RE. Bibliogra-

phies Issued or in Progress During the Period, April-May

1963. (Division of Technical Information Extension, AEC}.

28p.
Bibliographies issued or in prcgress during the period

April and May 1963 are listed. A list of 74 blbllograpM_

issued and 73 bibliographies in preparatlos Is give,,. A

combined subject and author index is presented along with

a report number index. The bibliographies axe listed al-

phabetically according to AEC contractors or other agen-

cies. Information covers all fields of atomic energy.

_32482 (AD-40_618) COMPOSITE -MATERDtLS: AN

ANNOTATED EIBLIOGRAPIiY. SUPPLEMENT I. Helen

M. Abbott, eomp. (Lockheed Missiles & Space Co., _anny-

vale, Calif.). June 1963. 53p. (SB-63-49|

Supplement to Imckheed Missiles & Space Co. Report
SB-62-58.

An annotated bibliography contalnim.g 90 selected refer-

eoces pertaining zo composite materials Is presented,

These references were selected as s'-';Tlement m_.terlal to

a previous report; COMPOSITE MATERIALS: AN ANNO-

TATED BIBLIOGRAPHY, Helen M. A_bott, Lockheed Mis-

siles & Space Company SB-62-59, February 1965. This

search covered the period from Septet.her 1962 to Juno

1963. (suth} e' _ I_ I C-,



_._9 (NP-I,q277) I)IRECT EXERGY CONVERSION

I.ITERATURE AI_S'rR.._CTS. {Naval Research Lib., Wash-
il_gion, D.C.). July 1963. 178p.

References and abstracts (1076J to U. S. and foreign un-
c]assificd literature on thermoelcctricity, thermionie

emission, photoelectric processes, magnetohydrodynam.

its, e](_trochemical processes, enerK.7_ storage, and en-

_.,rf;_ sources are compiled. Availability of the documents

_is indicated, and an author index is included. {D.C.W,) .

117229

Energy conversion
Bibliographies (power devices)

Thermoelectrlcity
Thermionic emitters

Patents

HaLerials, thermoelectric

Converters, thermoelectric
Generators, thermoelectric
Thermocouples
Refrigeration
Temperature control systems
Electrodes

Photovoltatc devices
Semiconductor devices

UNCLASSIFIED

DIRECT ENERGY CONVERSION LITERATURE ABSTRACTS (1,076 refs.)
July 1963 Unclassified

Navy Dept.
Office of Naval Research

Naval Research Laboratory
Abstracts-5

Photoelectrtcity
Magnetohydrodynamtcs
Generators, MI_D
Fuel cells, electrochemical
Fuel cells, biochemical
Electrochemistry
Power sources, electrochemical
Power sources, nuclear
Power sources, solar

UNCLASSIFIED

#2572 {JUL-BibI-I) THKRMIONIK. E!NE LITERA-

TURZUSAMMENSTELLUNG. (Thermionics. A Litera-

ture Search). D. Wiekmann (Kernforschungsanlage,

Julich, German}'). Aug. 1963. 21p.

A collection of 239 references covering the period 1959

to July 1963 on thermionic cells is presented. The refer-

ences arc arrangc_l ha categories by subject and subeate-

gories by )'ear. (M.C.G.) /_ A _ _ (_"

]/38627 (TID-3719) BIBLIOGRAPHIES OF ATOMIC

ENERGY LITERATURE. Issued or In Progress I_rlng

the Period, August-September 1963. (Division of Tech-

nical Information Extension, AEC). 16p.

A totalof 99 bibliographies are listed. A subject and

author index is included. (D.L.C.) _0_% '(o



GENERAL

B. General articles, reviews, books

70,504 ENERCY CONVERSION SYSTEMS REFERENCE
HANDBOOK
September 1960
Wright Air Development Division, Flight Accessories
Lab•, Wright-Patterson AFB, Ohio
WADD TR 60-699, Vol. I-XI

This document consists of eleven volumes pertaining to
energy conversion systems. The authors, all from Electro-

Optical Systems in Pasadena, are W. R. Menetrey, J. H. Fisher,

D. H. McClelland, C. W. Stephens, R. Spies, J. Blair, J. D.
Bums, W. Evans, J. Chrisney, A. Haire, L. Hays, R. Wall,
D. Erway, and D. McDowelL

Volume I, General Systems Considerations, serves as an

introduction to subsequent volumes dealing with specific areas
of power system technology. Solar-Thermal Energy Sources

discusses basic problems in the development of lightweight,
highly efficient, solar concentrating mirrors for space power

systems• Concentrator structural design classifications are pre-
sented and related to fabrication techniques, materials, and

reflective surfacing methods. Volume III, Dynamic Thermal
Converters, incorporates a detailed discussion of the two

dynamic thermal converters which appear most useful in future
power systems. Two static thermal converters, the thermo-

electric generator and the thermionic emitter, are analyzed
in Volume IV. The volume on Direct Solar Conversion de-

scribes in detail the performance characteristics of the photo-
voltaic converter when used to convert solar radiation directly

to dc electrical energy. Volume VI deals with power systems
which use chemical fuel as the energy, so, tee. Empirical and
analytical equations are presented in Volume VII, and the

performance of several types of heat exchangers is described.

Volumes are also devoted to each of the following subjects:

Other Devices, Solar System Design, Reactor System Design,
and Radioisotope System Design.

A complete detaib d Table of Contents for the entire Energy
Conversion Systems Reference Handbook is included in Vol-
ume I.

TIlE DIRECT CONVERSION OF THERMALENERGY
'/75S TO ELECTRICAL ENERGY. p.J.Nowacki and Z.Cell_skt.

Przeglad elektrotech. (Poland), Vol. 37, No. 3, 97-105 (March, 1961).
In Polish.

A general review of recent research and development in the
direct conversion of heat to electricity. The paper discusses the
basic theory, problems and technology of: (l) thermoeleciric genera-
tors with semiconductor thermal e_ements and radioactive Isotopelb

as sources of heat; (2) thermiontc convertorS including vacuum
diodes, Cs plasma diodes ,and magnetic triodes; (3) magnetohydro-
dynamic generators of open cycle and close cycle type and also
plasma reactors. Whilst application of the lowpower thermoelectric
generators maybe economically Justified, the most promising concept
is a combination of the classical system of generation with a direct
conversion system which in the case of a nuclear power station may
result in the Increase of efficiency to about 0.5 - 0.e. The develop-
ment of direct conversion generators of large outputs is hindered by
lack of sources for producing heat of high enough temperature and
lack of materials with the required electricalcharacteristics capable

W.J.Grek
of withstanding these high terr,peratures. _ _- P' G 1.--

7



Survey of Power SOurces, N.V/llEI._I.I':R Gen Else Co-Light
Military Electronics Dept--Advanced l-:lectronlcs Center. Ithaca.
NY, 1961 57 p. Survey )f available "battery" power sources for
selection of optimum power source for sonobuoys, missiles, or
other similar devices; power sources described Include wind
driven impellers, wave boosted battery, weight driven sy._tems.
electroehemlcal cells, solar cells, thermoelectric power genera-
tion, thermlonlc cells, nuclear ceils, primary and secondary cells /
reserve or delayed action batteries, fuel cells, etc. _- ./" t _ _}

o. ...............

prl_r_s and prosp_,c(s-ir_ _hermoeTectrlclty'.• Syrinx. Cb£m & Ind v 1994-7 D 9 '61

|)Z| SOLAR DIRECT-CONVERSION POWER SYS-

TEMS. William C. Cooley (Exotech, Inc., Alexandria° Va.).

IRE (Inst. Radio Engrs.). trans. Military Electron., MIL-6:
91-8(Jan. 1962).

A survey is made of the present status of technology of

solar photovoltaie, photoemissive, thermoelectric, and

thermionic power systems for spacecr_t. The subjects of

radiation damage to solar cells, power-system design, and

solar simulation are reviewed. Various types of solar

power systems are discussed and compared with respect to

weight, availability° environmentM tolerance, and cost. It

is concluded that solar photovoitaic and solar thermionic

systems are most desirable for power levels up to 3 kw.

However, the life capability of thcrmionic converters h_u=

not yet been established. So}at thermoelectric and phcto-

emissive systems will be less desirable because of their

lower efficiency and, therefore, larger area per unit power

output, except for missions where radiation resistance or

economy are paramount considerations, laura} /v'_/_ '{o,._

Engineering Evaluation of Energy ConverslonDevlces, F.LAUCK,
O.A.UYEHARA. P.S.MYERS. SAE--Paper 463A for meeting Jan
8-12 1962 12 p. Comparison of energy converting devices on
basis of ultimate efficiency, weight, size, and cost; compared
are engines whose operation requires that internal energy of
fuel be converted to heat and transferred :o working fluid which
goes through cycle (steam engines, nuclear boilers, thermo-
electric and thermlonic generators, ere), and those engines whose
operation does not require timt internal enerD' of fuel beflrA
converted to heat; conclusions made. /_ ]_ _,0-).,.-

lgdw--tfi-er"m_>_i_t/-[e'_evelopme.ni-s tn research
ttnd engineering snow pzomase. 11 glec PAng
81:32-3 J& '63

PROGRESS IN THERMOELECTRICITY"

J 11604 p.H.EgU.

IRE Trans Military Electromcs (USA), Vol. MIL-6, No. 1, 27-33

(.Tan., t963).
Discusses its application to the direct conversion of heat to

electric power, d/_ _"_

ower'. _'. E. Cromvton. Am SoO
Isotopic _"ng J 74:99-103 F '6g
.,.N_.v_l. " "

9518 NEW METI dOrxq O[' DIRECTLY CONVERTING HEATINTO ELECTRICAL ENERGY. K.G.GL1nther.

Nuk!eonik (Germany), Vot. '_,2;o. I, 58-64 (Feb., 1962).

In C,erman.
In this review article the thermoelectric, thermlonic and

magaetohydrodynamlc methods are discussed. Twenty fourAJ.Salmon

references are provided. (_/_ '_0 "L--



Electrlctt._, from II, at, I.I-'Ei . .: lnt _'h.nct! & Tt'chnology n 3
Mar 1962 p !5-27. An.d)sis ,ff _,t incilflt.s, oi)cratlon ' and advan-

tages aml (llsad_:_nt:_gt.s of 3 m_.thods for ohtatning electricity di-
rectly from heat; th_,se are nmgn_'toh)drod)nandes, thermoelectric

generation and thcrmionie g*'neratlon. _L--j-_. Z-,"

I
i 5616 PRODUCTION OF ELECTRICAL E*'ERGY FROM

RADIOACTIVE ISOTOPES. P.Wenzel.

Isotopentechnik (Germany), Vol. 2, No. 3, 85-92 (March, 196z).
In German.

Discusses the productio;, of electric_ energy from rad_onct;;_
sources directly to produce high-voltage, low-current supplies; _c.c

indirectly by the use of secondary emission, contact potential, .se_-.-
conductor, photoelectric and thermoelectric deviccs to produce

energy at low voltages. A.O.Sta.:esbyCa _

4886 (AD-275610) RESEARCH ON MATERIALS,

PROCESSES, AND DEVICES RELATED TO ENERGY CON-

VERSION. Semiannual Technical Summary Report No. 2.

(Massachusetts Inst. of Tech., Cambr!_gc. School of Engi-

neering). Mar. 30, 1962. Contract Nonr-1841{78). 180p.

Research progress Is reported on high-temperature

thermoelectric and thermlonle materials, thermal electric

energy conversion, thermlonlc energy conversion, super-

conducting materials, superconducting systems, and elec-

trochemical energy conversion. (M.C.G.} _" SA I_

Pr-dlbosdd "system lor the direct conversion
of re-entry therI_al energy' Into electric
energY. R. W. TrultL din/7 J Aerospace
Sol 29:47R-9 AD '62 . . .

Energy Sources of Future, J.B.CLAMPETT. J.ILNORMAN. Aus-
tralian Chem Eng v 3 n 3 Mar 1962 p 19-28. Survey and review In-
clude solar radiation, geothermal energy, ocean temperature dif-
ferences, ._a!t concentration differences, vortex tube, fuel cells,
high energy batteries, thermoelectric generators, thermlonlc
erators, magnetohydrodynamlc generators, and unconvenUonalpow-
er sources. 22 refB. £';"_ _'_-

_%]'e_ power sources s-en t apt to put old
standbys on shelf. F. I._uck and others.
l_ A I_, .! 7n._7022 An '62

New power sources and energy converters.
D. Linden. il dlags Electronics 35:35-42 AD

'W."rz- q,L.

Generation of Electricity by Unconventional Methods, H.BIL-
LETT. p.D.DUNN, H.C.WHITBY. Combustion v 33 n II, 12 May
] 962 p 29-39. June p 41- 6. Theoretical considerations of methods and
fields for app .tcatlon of unconventional energy conversion devices;
thermoelectric and thermtonlc generators; fuel cells; possible

applications in large-scale power generation, medium power In-
stallations and in nuclear power plants. 2S rels. -___(_

Slow progress Is seen for unconventional
power sources, dlags Eng & },tin $ 163:207
Je '6|

_522 THE DIP.ECT CO.N_. E._SION OF CALORIC ENERGY TO
ELECTRICAL ENERCY. J.a.Martln ArtaJo.

An. Mecan. Elect. (Spain), Vol. 39, No. 3_ IZ3-_ (May-June, 1962).

In Spanish.
The author gives a genera! discussion of the various methods

of energy conversion" fuel cells; thermo-electronlc generators;
thermo-lonlc generators; and magnetic dynamos. The operational

principles, the present state of development, comparative dlfft-
curies and economics of each of the types o! generators is discussed

with s view toward economical Industrial installations. J,T.Burridgs

...... g.F.0. 3
9



IJ991 PII(_TOELECTI(IC, TIIERMOELECTRICAND
rll_ I{MIONIC L'ONVEI_ION OF SOLAR ENERGY

INTO EI,EC'I_iCAI. ENERGY. C Tingwaldt and F.W.socmann.

Bronnstof{-W_irmc-Kraft (BWK) (Germany), VoI. 14, No. 7o

329-33 (.luly,1962). In German.

Gives a review of the papers of the United Nations

Conference on New Sources of Energy, August 1961 In Rome.

Carious types of solar generator are illustratedand described

including solar batteries for satellites. E.H.Dock

Materials for Use in New Methods of Power Conversion, K.IL
SPRING. Eng Matls& Design v 5 n 7, 8 July 1962 p 482-5, Aug p
584-6. Environmental conditions and problems in approach to ma-

terial seh.'_-tlonconsidering new methods of power generation for

future; fuelcell,magnetoh)_Jrody_amic and therm|onic generation;

photovoltalc cell _.T (_ R

V13987 DIRECT CONVERSION AND FUSION REACTORS.
J.W.Gardner.

Brit. Power Engng, Vol. 5, No. 2, 24-31 (July, 1962).

A number of unconventional energy sources and conversloa
techniques are briefly discussed, vlz., magnetohydrodynamic

Conversion, fuel cells, thermocouples, and thermlonic conver-
sion with some brief notes on solar energy, possible fusion

reactions with deuterium and tritium fuels, with particular
reference to energy balance conside,'ations,.contatnment and
stability. Obstacles to the construction of practical thermonuclear

reactors, rocket-borne ol earthbound, lie in the field of plasma
diagnostics (containment, control, and measurement of plasma).
There are numerous literature references. J.Smutl

F 12751 (ARF-1214-1) A NUCLEAR-PIIOTON ENERGY

CONVERSION STUDY. Quarterly Technical Report No. I,

April I, 1962-July l, 1962. H. V. Watts and C. W. Terrell

(IllinoisInst.of Tech., Chicago. Armour Research Fotm-

datlon). July 13, 1962. Contract AF33(657)-6527. 341).

(AD-278364J

Capabilities of materials that could possibly be used In

the components of a nuclear radiation powered electrical

energy source that consists of a radioisotope, a lumlnes-
Wcent material, and a photovoltalc device are discussed.

Consid'.ratlons affecting the effleleneles of the components

are examined. A silicon junction solar cell Is selected u

the photon-to-electrical energy converter, and a cadmium

sulfide phosphor activated with silver or copper Is chosea

for nuclear radiation-to-photon conversion. Beta-emittlr_

radioisotopes, particularly strontium-90, are presently

//Jsed as emitters. (D.C.W.) /If_ _ I _3

1461 THERMIGNIC TOPPING UNIT FOR NUC'L_-AR P_IT

SEEN. R.C.How'_ed.

Elect. World (USA), Voi.!58, No.4, 38-40 (J,qy 23, 1962).

Discusses possibilities of the application of direct conversion

devices in central station power plants. Both the thermionlc (TI)

device, In which an ionlzed gas or vacuum Is used between a hot
electron emitter and a cold collector surface as well as the thermo-

electric (TE) device, in which a temperature gradient across •

semiconductlng material produces current, are examined.

scheme of a combination thcrmionic cell and fuelelement is Illust-

rated. The possibility of coupling the In-pile TI concept with tM

out-of-pile TE concept is envisaged, _,C_.akrawartl

r_c-(4'b3

present state or energ_..conVe_oCrS- H. DIlIett
end P D. Dunn. wouog . diag diag
Engine'exin_ i94:254-¢, At- _4 '_;2

Exotic power sourcc-s, l.:lectronlcs 35:26-'/
Ag 31 '62

'bT...
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Potential of Solar Thermlo_Ics for Space Vehicle Power, D.L.

DRESSER. SAE--P q)er 741B for meeting Sept 23-27 1963 t2 p.
Paper summarizes theoretical a_d experimental rc._ulta obtained

during past 4 yr on solar thermionic system considering following
components--thermionlc generator, power Conditioning equipment;
cavity al;sorber, energy storage; and solar Concentrator, orienta-

tion and temperature control; results provide basis for estimating
future competitive position of thermlonic system vs solar ceils in
space power; basic characteristics of system are outlined and re-
cent developments reviewed; comparison of thermlonic and solar

cell as power sources. 35 refs. __r'- _fr.#,

41607 RADIONUCI.IDE PO_A'ER FOR SPACE. PART

3. GENERATOR I'ERFOItMANCE AND MISSION PROS-

PECTS. l-'rtd _'bulman (National Aeronautics and Space

Administration, Washington, D.C.L Nucleonics, 21: No.

9, 54-81Sept. 1963L

Future prospects for isotope power in space and _e

status of the technolokqt upon which these prospects are

based are pointed out. Generate." needs and performance

In space are discussed with examples of present missions

cit_. fR.E.U._ _St_ '_'_

UNCLASSI FIED

104214 STATUS REPORT ON THERMOELECTRICITY

104215 Davisson, J. W. & Pasternak, Joseph
October 1962 Unclassified

Navy Dept.
Office of Naval Research

Naval Research Laboratory
NRL MR-1361

In this report there Is an effort to review a number of

topics in some detail. Materials progress is presented in Part I and
includes sections on reliability and on radiation effects. Part I1 is

devoted to devices. In order to improve coherence, some of the data
presented is relatively old. Evaluating the data presented in this

report together with information presented at recent meetings and from
various organizations, indicates that progress in power generating

materials for intermediate temperature ranges continues to move slowly.
An interesting development has been in liquid thermoelectric$. Attempts

to utilize iiqulds would pose formidable engineering problems. Another
development is work on the Ettingshausen effects. In the area of

devices, large refrigeration equipment for submarine applleation$

continues to make progress.

Thermoelectricity UNCLASSIFIED

3548 SPACE DEMANDS NUCLEAR P()W'_-R_S'£EM& .....

B.C.Llndley.

Engineering (GB), Vol. 194,457-8 (Oct. 5, 1962).
A space vehicle power system consists of a source of chemical,

solar or nuclear energy, together with a device for converting the

energy into eiectricity. Reliability .and output per unit weight take

precedence over ef[iciency and low cost. The use of chemical energ_
is limited by the fuel storage capacity available, and solar energy ta

of low power incidence. Nuclear power systems, however, are
attractive for large powers and long durations, and the feasibility
of both fast and thermal reactor heat sources is discussed. Five

types of energy conversion device are reviewed; thermoelectric and
thermlonic elements, the regenerative fuel cell, the turbogenerator

and the magnetoplasmadynamic generator. Short-term and long-term
data are derived for the various possible nuclear reactor-energy
convertor combinations, .and show that at the present the thermionle

and turbogenerator systems are the moet attractive.
D J.Balley _ 11



D_rcct Converslon-Pr* _cnt Stage of Development, j.W.GARDNEll

I.::_ghs_ Elcc J v 17 n 8 Sept-Oct 1962 p 35-43. R,:oent dcvelOpn_entS
In magnetoh_,'drod) namic conversion, fuel ceils, tl_ermO,_lectrics
a_-,d thermlOmCS; none of those methods of power generation is
held likely to replace conventional ones In loresceable future, but
some of them. on development, might be used in conjunction with
turbogenerators to give worth _h_-le increase In overall systemc_.T_,-_ef"

ficlency. 28 refs.

70,181 POWER SOURCES FOR NUCLEAR SPACE

INSTRUMENTS

Codlss, W. !1.

Nucleonics, v. 20, no. 10, pp. 61--83, October 196Sl

The ultimate energy source for satellite and interp]anet'ary

missiov_ will unquestionably be nuclear. Both nuclear and

non-nuclear power sources available and under development

are tabulated. It is predicted that within ten years the space

experimenter will have an assortment of standard power sup-

plies with which to work and will not have to rely on tailored

power supplies. /,] I/:I 'b_

70,282 DYNAMIC ENGINES FOR SPACE POWER SYSTEMS
Kovacik, V. P.

AP_ ]oumal, v. 32, no. I0, pp. 1511-1522, October 1962

An over-all perspective of the current state of the art in

dynamic energy conversion systems is presented. Dynamic

engines are catalogued into open- and closed-cycle systems.

The open-cycle engines invariably use chemical fuels and the

closed power systems use solar or nuclear energy as the energy

source. Promising dynamic engine concepts, their current

development status, future areas of research and development,

performance, and their estimated availabi;ity are reviewed.

10203 POWER SYSTEMS. Nathan W. Snyder (KaiNt'

Aircraft and Electronics. Oakland, Calif.). Astronautlea,

7: No. 11, ll0-14{Nov. 19e7,).

I_w power output of other devices at this time dictates

the use of nuclear-reactor systems for manned space ex-

plorations. Work up to the present Is briefly reviewed, and

progress and utilizationof other power supplies are dis-

cussed. Pros and cons of solar cells, fuel cells, and ther-

moelectric and thermionic devices are included as well as

consideration of energy storage, solar energy collector

technology, and heat transfer and rejection for space poweF_.,

20681t METHODS FOR DIKECT CONVERSION OF NU-

CLEAR FUSION ENERGY INTO ELECTRICAL ENERGY.

K. Meyer. Energletechnik, 12: 496-5031Nov. 1962). (I,_

German}

A review of methods that according to the present state

of knowledge l_aveprospects, In combination with nuclear

reactors, for direct production of electric energy is pre-

sented. These methods depend on the principles o! thermo*

electronic, thermoelectrle0 and _magnetohydrodynamie fen°

erators as well a_ fuel cells. The chief mode of action of

conceivable Instruments based on these methods is ex-

plained, the stateof res _arch is explalned by ex_:........

from the literature, and the prospects for apph_, ,:-e

dlscuued. (tr-auth) /_f '_" _r

Backgrotlnd _tnd f_itllre of energy" eonvor_lon.
C. C. F'tlrnas. bibliog /.:lee l.:ng 81;845-1) N
'62



20282 TIIE WINNING OF ELECTRICAL ENERGY

FROM RADIOACTIVE ISOTOPES. P. Wenzel. Energle°

tecknik, 12: 501-7(Nov. 1962). (In German)
After detailed statements of general viewpoints, such

as the selection of suitable isotopes, the various well-

known nuclear batteries are describ_l. (tr-auth)j4jc_t_ [_ 3

Power Systems. N.W.SNYDER. Astronautics v 7 n II Nov 196|

p 110-14. Summary of present state of art; it is found that use
of germanium silicon alloy thermoelectric element will advnnc,

Snap 10A nuclear reactor system closer to flight test; hydrogen
oxygen fuel cells reached point of development to be used it. short
term manned flSghts of Gemini and Apollo; magnetohydrodynamict
appears to be of little or no value; review of energy conversion

schemes. _- / _.--_

13158 DEVELOPMENTS IN THE FIELD OF THERMO-

ELECTRICITY. G.Gramberg and H.G.Plast.

Brown Boveri Rev. (Switzerland), Vol. 49, No. 11-12, 501-14

{Nov.-Dec., 1962).
In recent years thermo-electrictty has become increasingly

interesting in the fields of refrigeration and for the direct conver-

sion of heat into electrical energy. General considerations show

that the efficiency of this method is governed by the Carnot cycle

and by a material factor known as the "figure of merit"• The

efficient utilization of thermo-electricity requires materials with

a high figure of merit: the discovery of such materials Is the task
of the physicist. Since the thermo-electric production of energy and
electro-thermal refrigeration are based on the same ld_ysical

phenomena, both can be devolved from the came first principles.

These basic principles are described in the article which also
includes some salient points concerning development work into
electro-thermal refrigeration. The applications are particularly

interesting because the equipment operates silently, contains no

moving parts bad has a long working DYe. ._ _ f3t 1(_

f AD-401 931 Die. 8, 14
(TISTM/PCR) 0T5 price |6.60

Energy Conversion and Semiconductor Lab., Mall.

Inst. of Tech.. CPmbridge.
RESEARCH ON _TERIALS, PROCESSES, AND DEVICES

RELATED TO ENERGY CONVERSION.

Semiannuul technical summary rept. _I Dec 62,

6_p. incl. illus, tables (Rept. no. 6)
(Contract Nonr-184178. ProJ. 9800)

Unclassified report

DESCMIPTORSt eSuperconductors, *Electrochemis-
try, UThermoelectricity, aThermlonlc convert-
ers, aThermlonic emission, *Energy conversion.
Superconductivity, Alloys. Microstructureo
Niobium, Thorium, Eutectics. Phase studies.
Deformation, Fracture (Mechanics). _emicon-

ductor devices, Semiconductors, Radistion
damage , Photoelectric effect, Zinc. Antimony
alloys, Molybdenum, Oxides, Materlals. Fuel
cells.

Research reports are presented on! (I) Supercon-
ducting materials and systems. (2) Electrochemi-
cal energy conversion research, (_) Thermoelec-
tric sad thermlonlc materials research, (4)

Solid state energy converters, and (_) The de-
velopment of thermionlc emitter mater/sis.

(Autho,) 'g'3
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65S1 IilBTORY AND RECENT DEVELOPMENTS IN

DIRECT ENERGY CONVERSION SYSTEMS. Paul It. Egli

(U. S. Naval Research I.ab.,Washington. D.C.). p.371-40.7

of'*Materials Science and Technology for Advanced Appll°

cations." Englewood Cliffs,N. J., Prentice-Hall, Inc.,1962.

Improved power sources and energy conversion systems

are an important long range national problem and of imme-

diate miliLary importance. Various direct conversion

processes appear promising for the solution of some of

these problems. In thermoelectrlcity, progress in mate-

rials has b¢_._ good, but much remains to be done. Even at

this stage s number of valuable thermoelectric devices can

be constructed, particularly cooling devices ranging from

small modules for temperature control of electronic parts

to submarine air conditioning, a_l small size power gen-

erators for various remote locations Including long lived

satellite missions..'!_..ermtontc emission offers light weight

power generators for large power supplies for relatively

short missions. Magnetohydrodynami_s is confronted with

imposing problems associated g'lth the high temperature

requlremcnts for operation of more than a f_w minutes du-

ration. Important improvements are In sight, and con-

tinued progress is imperative to provide high density

power sources for advanced weapon systems. Photoelec-

tric processes show good improvements toward the goals

of lower costs and performance In severe environments.

Fuel cells offer exciting possibilities for uses ranging

from the main power source for submarines to the auxtl-

bry power on short time space missions. (auth) /v._._ i_ 3

"_021{ THE NASA NUCLEAR ELECTRIC POWER

PROGRAM. Fred Schulman (Natlo.,al Aeronautics and

Space Administration, Washington, D.C.}. AIRS Preprint

No. 2522-62. New York, American Rocket Society, 1962.

Prepublicatlon Copy. llp. $I.00.

The projected requirements and capabilities for space

electric power in the ranges below 0.5 kw, on the order of

10 kw, and on the order of I0 Mw are discussed. The uses

of radioisotope, reactor, and advanced systems to fulfill

the requirements are outlined. (T.F.H.) /'_'_,_. ,_.

9525 GENERATION OF ELI_CTRICITY BY UNCONVENTIONAl,

METHODS. H.Billett,P.D.Dunn and H.C.WhitbT.

Proc. InstnMech. Engrs (GB), Vol. 176, No. 18, 421-48 (t962).

This paper, presented at a Thermodynamics and Fluid Mechanics

Group meeting, describes the basic theory, construction and oper-

ation of four types of energy conversion device namely - thermo-

electric conversion, thermionic conversion, magnetohydrodynamlc

generation and fuel cells, having no moving parts and potentially

capable of greater efficiencies than present methods of power gen-

eration. Although individual units have been built,the rodin fieldof

application w_uld seem to lie in using these devices to extend con-

ventional plant not fully utilizingthe available temperature range of

Oto 2400'C. f..f_,_,_ w.bo_
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UNCI.ASSIFIED

105250 ENERGY CONVERSION SYSTEMS REFERENCE IIANDBOOK, VOLUMES I-V

Rec'd JPL: January I0, 1963 Unclassified

Electro-Optical Systems, Inc. (Air Force Dept.

AF 33(616)-6791 WADD-TR-60-699, Vol. I-V)

EOS R-390, Vol. I-V Final

This document consists of eleven volumes pertaining to

energy conversion systems. These volumes include: general system

consideratic._s; solar-thermal energy sources, dynamic thermal c,nlverters;

static thermal converters; and direct solar conversion.

Solar energy conversion

Stifling engines

Spacecraft power systems

UNCLASSIFIED

105251 ENERGY CONVERSIGN SYSTEMS REFERENCE HANDBOOK, VOLUMES VI-XI

Received JPL: January IO, 1963 Unclassified

Electro-Optical Systems, Inc. (Air Force Dept.

AF 33(616)-6791 WADD TR-60-699, VoI.VI-XI)EOS R-390, Vol. VI-XI Final

This handbook contains chapters on chemical, solar, reactor

and radioisotope systems. Also has chapters on heat exchangers,
orlentation mechanisms and MHD generators.

8019 SOLID-STATE CONVERSION CONCEPTS.

J.F.WIse.

IEEE Trans Aerospace (USA), Col. AS-I, No. I, 24-9 (Feb., 1963).

Outlines the present state of development and future prospects

of a number of devices for providing electrical power in aerospace

vehicles. The emphasis is chiefly on photo- and thermo-electrie

cells using solar.or nuclear sources of energy., but plezoelectrles,

pyroelectrlcs, ferroelectrlcs, the Nernst effect and nuclear photon

conversion are also mentioned. L.M.Roberts

]Radlonucllde Power for space: Isotope costs
and availability. H. L. Davis. Nucleonics
21:61-5 Mr "63

Dynamic Energy Conversion, V.P.KO%'ACIK. Astronautics & Aero-

space Eng v 1 n 4 May 1963 p 84-8. Paper is concerned with

closed cycle systems used _ith solar and nuclear energy sources;

d_:velopment efforts on dynamic engines involved mercury Itankine

cycle, at 1000-1200 F; po_er systems In 0.5-3-kw range are char-
acterized by one-pass boiler, hermetically sealed turboalternstor

unit° impulse turbine, solid rotor la:rmanent magnet alternator

with ccrmnic bore seal, mercury Journal bearings, and dlreci

condenser-radiator; operating temperature and efficiency dictate
different criteria for selecting energy-conversion components for

solar and nucleru" power systems; table shows representativeeom°

ponent choices. ¢__ .._ ,,_ "_

35226 SPACE ELECTRICAL POWER. Walter C. Scott

and Fred Schulman (National Aeronautics and Space Admin-

istration, WashingtOn, D. C.). Astronaut. Aerospace Eng.,

I: No. 4, 48-53(May 1963).

The ob)ectlves and achievements of the development pro-

gram for space electrical power systems are discussed.

Power requirements for various space projects and prod-

ucts of power development research are considered. Re-

search on the radiation-resistant n-p solar cell, thin-film

solar cells, and rechargeable batteries is outlined. The

/development of Snap-8 is also discussed. (C.E.S.) /V'_fl ¢(/'_

Th[:rTnb-,_fc,-trical cn:,'i66erin_. A. (1. Heaton.
l++ibIJOl._ d|a_:s tnst l: _: i'roc 1_9 Pt I1:
22+-3'. M_," ',;2; l)i._cu_._lon. _iI):_9+ _+V "K_

A s grz' b
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' 34073 STATIC I_OWER CONVERSION FOR SPACE-

CRAFT. Terry W. Kocrner (California Inst, of Tech.,

Pasadena}. Astronaut. Aerospace Eng., l: No, 4p 89-92

(May 1963).
Characteristics of static power conversion systems for

medium power levels and problems of matching power

sources to the load arc discussed. Solar panelS, storage

batteries, thermoelectric couples, and the thermionlc

diode are discussed. Current-voltage diagrams are com-

_aared and several types of regulators that can be used to

cbicve the desired load regulation are described._ _..A__/_(C'E'S')' (_

34072 SPACE POWERPLANT NEEDS AND SELEC-

TION. D.T. Bcrnatowlcz, D. C. Guentert, and J. L. Klann l

V (Lewis Research Center, Cleveland). Astronaut. Aero- [
t

space Eng., 1: No. 4, 22-6(May 1963), [

The anticipated maximum requirements for nonpropul- tsi','e and propulsive electric power for the period through

1975 is discussed. Criteria for evaluating and selecting

space power systems are outlined. Chemical, nuclear, and

d_olar systems are considered. (C,E.S.)power AfSf;

80,606 DYNAMIC ENERGY CONVERSION
Kovaclk, V. P.
A=tronautic* and Aerospace Engineering, v. 1, no.

pp. 84--88, May 1963

Closed-cycle dynamic energy conversion systems expected
to be used with solar and nuclear energy sources are dis-

cussed. Aspects of dynamic power important to future appli-

cations are emphasized.

80,603 SPACE ISOTOPIC POWER SYSTEMS

Carpenter, R. T.

Astronautics and Aerospace Engineering, v. 1, no. 4,

pp. 68--7_., May 196,1

The status of today's space isotopic power program is eval-
uated. The technology has developed to the point where the

designer can plan appropriate space application of isotopic
systems. Various systems are described and evaluated.

#f3|768 TIIE APPLICATION OF NUCLEAR ENERGY

FOR LARGE-SCALE SPACE POWER. D.C. Lindley (C. A.

Parsons and Co. Ltd., Newcastle upon Tyne, Eng.). J.

Brit. Interplanet. Soc., 19: 92-9(May-June 196a),

Possible types of nuclear reactors and energy convertora

suitable for the gcneratlon of power In space are surveyed.

,_'timates of probable performance are given. {auth) _t_ 16



.1. Div.

_TISTX P¢_ OTS price 1_._

l_sa_to _ese2rc_ Cor_.. Dayton. Ohio.

_=_:ter_y progress rept. so. _. _ lar-2_ 2a=e _].

Caclsssified re_ort

Small Non-Conventlonal Electrical Power Sources,G.W.WILSON.

Brit Interplanetary Soc--J v 19 n 3 May-June 1963 p 81-6. Present
status of each of 3 methods of converslonof heat or light into elec-
trical power without use of rotating machinery is surveyed." ther-
moelectrlcity, thermiontc conversion, and photovoltalc converters:
comparison of practical devices indicates that for some time each

method will find specialized applications for space vehlcles._e,_._

_2S391 DEVELOPING ELECTRIC-PROPULSION

POWERPLANTS. David G. Elliott (Califorr.a Imst_ of

Tech., Pasadena). Astronaut. Aerospace Eng., I: No. S,
S2-BlJune 1963).

Auxiliary power supplies available now or in the future

are discussed, and considerations involved in designing
propulsion systems are examined. Basic problems in

powerplant design are pointed out; and design and develop-

ment of _urboelectric, thermionic, and magnetohydrody-

namic systems for converting heat to electrical energy

r. viewed.

t/28576 NUCLEAR REACTORS IN SPACE. Bernard L

Spinrad (Argonne National Lab., UI.). News-Bull. Intern.

(Argonne Natl. Lab.). 4: No. 3, S-10(June 1963).

Advantages of using nuclear reactors in space flight are

given, and systems now under development are described.

These include heat trar]sfer rockets in which fuel Is heated

to high temperatures by reactors, electrical propulsio n

systems (ion and plasma drives) in which the electricity I0

provided by reactor-driven generators, and electric power

generators that convert nuclear power to electric power.

Feasibility of the systems is discussed along with problem8

in their design. (D.C.W3 ,*w'_ _(_ .

D-_05 957 Div. 7. 20. 25. 21 12. 17
TISTM/PCR) OTS price $_.60

Defense Documentation Center. Cameron Station,
Alexnndrfa. Yn.
POWER GENERATION.

June 6_, _2p.

Dnclaszified report

Descriptors: *Power equipment. *Nuclear power
plants. *Solar cells. *Thermoelectrfcity,
*Piezoelectric effect, *Energy. *Bibliographies,
*Abstracts, Aircraft nuclear propulsion.

NUclear propulsion. Electric power production.
Submarines. Rocket propulsion. Thermonuclear

reactions. Underwater propulsion. Naval vessels
(Combatant). Spacecraft. Space flight, lea
engines. Icebreakers. Solar furnaces, Plasma

physics, Fuel ceils, Nagnetohydrodynamico,

Boiling water reactors, Reactor operation.
Nucletr weapons, Alloys, Satellites (Arti-

ficial), Power equipment. /_

26239 COURSE WORK AND EXPERI_4ENTS IN DI-

RECT RADLATION-TO-ELECTHICAL ENERGY CONVER-

SION. G. H. Mlley (Univ. of Illinois,Urbana). Trans. Am.

Nucl. Soc.. 6: 207-8(June 1963). /N# _ ! (@¢_

Theresa-electricity |_Jwer_ s_dio repC.'ate'r'. Jl
l':lecWorld 15_:10t Je 1_ '63



P,'ogres| on--Adv,_r,ced Methods of Power Generatlon. B.A.

WAGNER. Ed*,son EI,,,_last-!_d v 31 n 6 June-July 1963 p 222-9.

Principles of t.hermo_ :celtic, thermlonlc and rnag_ch)hydrodynamio

generation, fuel cells, and fusion reactors are reviewed; their
future possibilities tt_largo scale power production are assessed

and evsluato_k _ _t_/ _a

39079 (ANL-6749) REACTOR DEVELOPME.NT PRO-

GRAM PROGRESS REPORT, JUNE 1963. (Argonne Na-

tional Lab., 111.). July 15. 1963. Contract W-31-109-eng°
38. 67p.

Research and development activities are reported on

Borax-V, ZPR-III, EBR-I, EBR-II, Farei, EBWR, _md

Treat. Reactor technology and investigations are re.:

ported in reactor physics, fuels and materials develop..

meat, component development, heat transfer, and chemical

separations. Nuclear safety development in thermal and

fast reactors is discussed. Development of thermlonic

cells, magnctohydrodynamlc generators, and the plutonium

recycle program Is also reported. (N.W.R.) I_/_ ,4 _ _

37749 REVIEW OF ENERGY CONTERSION METHODS

USING RADIOISOTOPES. J. L. Craston (Atomic Energy

Research Establishment, Harwell, Berks, Eng.). J. Brit.

Interplanet. Sot., 19: 105-9(July-Aug, 1963).

The characteristics of radioisotopes are outlined and

their potential hazards are indicated. Methods of convert-

ing the disintegration energy of radioisotopes into electri-

cal power can he classified into two main groups, which can

be subdivided into a total of five clas=cs. Progress in each

class is reviewed,lauth) _r_ i _

Liquid _'letr, ls for Aerospace Electric-PowerSystemS, L.ROSEN-
BLUM. J of Metals v IS n 9 Sept 1963 p 637-41. Liquid metals and

their properties are evaluated for their tested or potential useful-
ness as high temperature fluids In such light weight, long-lived
electric supply systems as Rankine-cycle nuclear turbogenerstor

and nuclear t_,ermionic systemS; Li, Na, K, Pb, Bi, and NaK °79
are compared tn schematic form; Rg and Rb are discussed. 29
refs. • -E_- _6q

w $27 PRODUCTION OF ELECTRIC ENERGY BY

MEANS OF NUCLEAR BATTERIES. J. Euler and A. Schar-

mann (Universit_It,Giessen. Ger. and 'qarta AG, Franklurt

am Main}. Kerntechnik. 5: 385-7(Sept. 1963). llnGerman}

The methods of electrical energy production in nuclear

batteries are described. Some uses are discussed. Ther-

moelectric, thcrmionlc, and photo,electric nuclear batteries

are described. (R.E.U.) fvGA '(¢¢_

_pace Demands Nuclear Power Systems, B.C.I,INDI,EY. Engi-
neering v 194 n 5033 Oct 51962p 457-S. As missions become more

smhitlous in concept, high power requirements are envisaged for
electrical propulsion and for tuanned vehicle power systems; any
power system based on closed cycle heat engine must rejeCt heat
into space, which can only be achieved by radiation, and fast and
thermal reactors may be considered; of presently kno_xt energy
conversion techniques, thermoelectric, thermionlc, regenerative
fuel cell, turix)generators and nmgnetoplasmadynsmlc generator
offer possibilities; these compo_'c:-.'s and integxated systems are
assessed; table shows approximate performance details derived

for various combinations. (."_" f(0-'_

Brayton Cycle for Space po_e--. W.I.STEWART, A.J.GLASSMAN,
I_P. KREBS. SAE_Paper 741A .%r meeting Sept 23-27 1963 9 p.
paper reviews basic features of Braytoncycle _lndseleetion of such

cycle parameters as working fi_- d. pressure, sndtemperature; sys-
tem performance, weight, and reliability ch:_ractertstics are con-
sidered to determine suitablli_; of system for space applicationsi

BraytOn cycle can be consider*-_ suitable for low-Dower solar and
tntezn_ediate-power nuclear app',cations where low specific weight
Is not critical requirement; to _¢ h:cve low specific weights required
for electrical propulsion missL¢=s, turbine-inlet temperatures in
3000 R region at power levels :n 500-1000 kw range appear to be '

Unconventional Methods of Electricity Generation, P.D.DUNN, J.
K.WR1GHT. Instn Elec Engrs--Proc v 110 n 10 Oct 19G3 p 1837-54.

l-_h).slcalprinciples are discussed on which magnetohydrodynarale.
thermoelectrlc, and thermlonlc generators, and fuelcellare based:
limitationof conventtond steamturboalternator for largescale pow-

er generation is pointed out, and desirabilityof developing higher

temperature plant to be used in conjunction with conventional gen-
eration plant is sho_; other methods of generation, including solar
cell, axe mentioned, as is applicability of other generation methods
discussed, in space vehicles. 91 refs. Paper 4274S. _._((_

2S_ (DL-55) A PERSPECTIVE ON DIRECT CON-

VERSION. W.B. Lewis (Atomic Energy of Canada Ltd.

Chalk Rlver_ Ont.). Oct. 1963. 12p. (AECL-1852;

CONF-307-1)

From Canadian Electronics Conference, Toronto,

Sept.-Oct. 1963.

The objective of direct conversion is high electrical

output for minimum total cost. and not always high con-

version efficiency. The wide range of techniques embrac-

ing cryogenics and hot plasma derives from the special

requirements of source, environment, and application.

Sources include solar and other radiation, nuclear fission

and fusion, chemical energy, and heat. Environments and

applications range from space vehicles to submarines and

from giant power networks to isolated buoys and pocket

devices. (auth) _I_ '_(_
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B a.:kground ond :h,ture of Energy Conve : _lon, C.C. Fi'IINAS. Elec

Eng v _,t n 11 go_ !962 p 8t6-9. Survey ofp*obable future use and

relative v_dt,e of variu.s cncrk_ conversion systems and devices;

possibilities of space heating, process heating, fuel cell, thermo-

electric devices, magnetohydrodynamies a_d special purpose de-

vices; basle research. _ J "6' "_)

t 257& EI.ECTRIC PROPUI.SION AND POWER.

John .Xl. Teem (I-;Icctro-Optical Systems, Inc., Pasadena,

Calif.), and George C. Szego_ Astronaut. Aerospace Eng.

l: 98-103(Nov. 1963).

Progress in electric propulsion systems, thrustor re-

search and development, applications, and mission analysia

are discussed. Some types of t lectric power systems and

!heir _.pplications are presented. These include solar cell8

and coliectors, the SNAP program, raflio_sotope systems o

thermoelectric and thermionic technology, MIID power,

batteries and fuel cells, and power conditioning. {R.E.LI.} &'GA I_0 C_i

2569 (ANL'668"(p.188-203)) ENERGY CONVER-

SION. (ArgonneNationai Lab.. Ill.).

Progress Is reported on the development of regenerative

eraf cells and thermoelectric cells for the direct conver- .

sloe of nuclear energy into electricity. (D.L.C.) Nc_ t/a(-_L

Thermoelectric systems of cooling and heat-
Ing A. B. Newton. diags Heatlng-Pi in
35:123-7 O; 152-4 N '63 v g

A5

|4|20 (ANL-6596(p.201-10)} ENERGY CONVERSION,

C. E. Crouthamel, M. Foster. et al. {Argonne National Lab.,

Itl.).
Research concerning the conversion of nuclear energy to

electricity by use of regenerative emf cells and by thermo-

electricity is reported. (J.R.D.| J_._}_-'{o_

UNCLASSIFIED

110705 SUNFLOWER I POWER CONVERSION SYSTEM (U) Confidential

Thompson Ramo Wooldridge, Inc. (Projects: Sunflower I)

Tapco Division

ER-4003B

Several power conversion concepts capable of meeting the

requirements of the Sunflower system exist in varying states of develop-

ment. These include the Sterling cycle system, the thermoelectric

system, the thermionic system and the mercury Ranklne cycle system.

Each of these systems has been evaluated to determine ability to meet

the detailed requirements of the Sunflower I power system. Also

included in this report is a technical discussion on various components

of the Sunflower system. (U)

Sunflower t_--_---_

Space power systems

Solar energy devices

Power systems, solar

Books

E_7_I_3YCO:_EPZION

SS.L. C_lang, Prentice-Hall, 1963.
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I • GENERAL

C. Confer_nc_S, etc.

AD-AIO A?6 Ply. 25, 8

(TXSTP/FEM) OTS price $21.00

.Office of Hers1 Research, Washington, D. C.
PROCEEDINGS OF THE FIFTII NAVY SCIENCE
SYEPOSIUN. NAVAL RESEARCH SPONSORED BY THE

OFFICE OF NAVAL RESEARCH, APRIL 18, 19, 20,
1961U.S. NAVAL ACADEMY, ANNAPOLIS, NARYLAND.

1961, 367P,
ONR 9 V.1 "Unclassified report

Descriptors: (,S_mposia. Research prograa .
administration). _'Queulng theory. Analysis).

(*Thermoelectrlcity. Thermal conductivity),
Distribution. Probability. Rockets. Inter-

ception probabilities. Rocket trajectories.
Digital computers, Ship mo_els, Hydrodynamics,.
Aeroelastlcity, Reentry vehicles, Heating,
Radiation effects. Guided missiles, Solid

state physics. Pirtlcles. Chemic81 aaalysls,

Niobium. Oxidation, Dosimeters.

J 9238 THERMOELECTRIC GENERATING AND COOLING
DEVICES. J.D.Richards.

Proc. Amer. Power CooL, VOf. 23,446-57 (1961).
The thermoelectric cycle may be used to generate electricity

from heat, or to transfer heat from one point to another by means
of an electric current. Although there are many applicatlons

where thermoelectric generators and coolers appear to char dae
best solution these devices cannot yet complete on a large scale
with conventional generation and refrigeration equipment on cost

performance. Problems arise due to brittleness of materials,

destructive thermal stresses within thermocouple arms and at

the junctions, resistance which produces heat losses, degradation

of thermoelectric properties, oxidation and the effect of high

temperatures. Efflcienctes as high as 18% are predicted for the

case where several materials are segmented in series to utilize

each material only over the temperature interval where ZT is

highest. Optimum current density is necessary in all segments

and provision must be made fnr matching coefficients _ expan-

sion. Thermoelectric generators can compete with batteries and
small en_'Ine generators in the range 100row to 100W capacity.

Units at present undergoing evaluation tests are enumerated at_
described as more efficient materials become available applica-

tlons will increase. G.V.Hargrp_vemc

111031
111032

UNCLASSIFIED

MATERIALS SCIENCE AND TECHNOLOGY FOR ADVANCED APPLICATIONS

(Advance papers of the ASM 1962 Golden Gate Metals Conference,
San Francisco, California)

(Period covered: February 15-17, 1962) Unclassified

American Society for Metals

Meetings

Preprlnts

Conferences (materials research)

Materials (research)
Spacecraft (design)
Materials, hlgh-strength
Materials, semiconductor
Energy conversion



S_.s:_lon on I'hermal Energy C, mversion, lFJth Am_usl Power

Sources Conference--Proc. U S Army Signal Research & Develop-
mona l,aboratory. Fort Monn_,)uth. N.J. May 1962 p 49-70. 250 Watt

ptov,_ne-Fh'ed Thernmelectric Generators, P.A.O'RIORDAN, 49-

SI; 45 Watt Thermoelectric Generator for Field Use, M. BAR-

,MAT. 52-5; Design Consideration for Gasoline-Powered Therml-

ohio Generators, W.R..MARTINI, 55-60; Progress in Cesium Ther-
mionic Converter, G.N.ItAT_'_;OI'oULOS. KKITRILAKIS. F.LYCZ-

KO. 60-4; Radioisotope. Power Sources. W.L.KERSHAW, 64-7; Nu-

clear Reactor Power Sources. C.K.SMITH. 68-70. ^%A_ /_t,_

_'Pace Vehicle Electrical Design. IEEE--Spectal Publ S-145 Feb

1963 272 p. Sixteen papers presented at AIEE SUmmer General

Meeting June 17-22 1962, Denver, Colo, on varlotm types of equip-
ment for spacecraft power supply and relatedproblems;papere are
indexed separately.

Wind-, Sonnen- und Geothermische Energte. Brermstoff-Waer.

me-Kraft v 14 n 7 July 1962p309-53. Solar energy, wind power tad

geothermal energy; 9 articles presented st United Nations Confer-

ence Aug 1961, Rome; Economical and social points of view cot,°

Cerning power supply of underdeveloped Countries, H.KRAUCH,
310-12; Geothermal energy, N-GASPAROV1C, 313-20; Wlnd power,
G.CLAUSNIZER. 321-6; Available solar energy and Instruments

for measuring radiation. K.GRAEFE. 326-9; Photoelectric, thermo-

electric and thermionlc Conversion into electric power, C.TING-

WALDT, F.W.SEEMANN, 329-33; Solar pOwer plants, H.KRAUCH,
334-6; Direct use of heat load. K.JECHT, A.Th.GROSS, 33'/-4'/;

Energy storage, 347-8; New materials for solar energy utilization,
H, KRAUCH, K.JECHT. 349-53.

_/70,186 NUCLEAR FUELS FROM POWER REACTORS TO
SPACE POWER

Whitman, M. J. (U.S. Atomic Energy Commission,
Washington, D.C.)

American Rocket Society, Inc., New York, N.Y.
2542.62

(Presented at the Space Power Systems Conference,
Santa Monica, Calif., September 25-28, 1962)

During the past twelve years, the Reactor Fuel Develop-
ment Program of t_e DivLion of Reactor Development of the

AEC has been cow,creed with the development of new mate-

rials which would increase operating temperature capabilities

and allowable fuel burnup, ensure fission product retention,

and solve the eompatability problems which occur when tem-

peratures are increased. In order to provide specific examples

of the contributions made by civilian power to the space pro-

gram, those nuclear fuels which show real potential for space

power applications are discussed in some detail. The five fuels

of interest are UC, UN, UO.,, a UO_-refactory metal cermet,

and a niobium-base alloy.
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70,18t SPACE I'i_OBI'] I.IMITATIONS ON NUCI,EAR-
EI.ECTIHC i'OWI'_i{ SUPI'LIES

It _11$ .... ca, O. XV. (Space General Corp•, E! Monte, Calif.)
Amcrlcan Rocket Socicly, Inc., New York, N.Y.
2527-62

(Prcsc,lted at the Space Power Systems Conference,
Santa Monica, Calif., September 25-28, 1962)

The various interfaces between a deep space probe and its

nuclear-<'lectric poxvcr supply arc rcvicwcd in ordcr to predict
t

the constraints of the probe on the supply. The interfaces

include the magnitude and type of power consumed by the

probe, the reh:tive weights of probe and power supply, and

the mission duration• The environment created by the power

supply eonstitates another class of interf:_ceo Physical inter-

faces are associated primarily with the large radiators required

for the power supply. It is shown that certain of the con-

straints will considerably influence the power supply design

features. These features include control of scatter radiation,

cancellation of rotating inertias, design for failure life much

longer than wearout, and provision for folding the radiators

in most probes.

70,183 TIIE NASA NUCLEAR ELECTRIC POWER
PROGRAM

Schulman, F. (National Aeronautics and Space Admin-
isOation, Washington, D.C.)

American Rocket Society, Inc., New York, N.Y.
2522.62

(Presented at the Space Power Systems Conference,
Santa Monica, Calif., September 25-2S, 1962)

An outline is presented of the NASA nuclear power pro-
gram ranging from the very lowest power range which can

possibly be met by radioisotopes to advanced systems tech-

nology which may ultimately provide the long-life low specific

weight power in the multimegawatt range needed for future
missions to distant planets.

• .-°.°

I 20603 SYMPOSIUM ON THERMIONIC POWER CON-

VERSION, MAY 1962. COLORADO SPIiiNGS, COLORADO.
John Blair, J. J. Connelly, G. M. Grover, et al., eds.
Advan. Energy Conversion, 2: 1-643(July-Sept. 1962).

Twenty-eight papers presented at the symposium are in-
eluded• Separate abstracts were prepared for twenty-six;

i two have been previously abstracted in NS.___A.(A.G.W.)_r¢'._/_]
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lj_I$$ _' _" "'';',."+._:\':'P'k ;\F F. ':, _eliTh _m-

dec',, Ch.t:-:,..,, .\. l+;_rr,.tt, l),inI¢ + + L_t,l-t+ tt1_14 + |'h++l+n;ls

P. M,+tl-ltt, \++.h,.v+ E I'++tter It'., .tnd ll.lr,. ,'v ,! ,_, h++,*t't,_

(Nntion:ll :\etonautic_ :+nd SI ...... _dmJni_trdti,m, Ch,vt, land).

p.125-50 o{ "lh'occcthngs of the N:XSA-Umver_tv Conh.r-

,,nee on the Science and Technoh>g D, of Space Explor:ltion.

Voi. 2." Washington, D. C., National Aeronautics and Space
Administration, 5962.

The power requirement_ for present :rod future space

missions are described. Sol.Jr photovoltaic cells are used

in satellites that require po_er for more than a few months.

Some of the problems of solar cells, including radiation

damage and the complexity and weight of solar-cell po_er

systems, are discussed. The use of batteries and radioiso-

tope power supplies is also mentioned. Fuel cells are good

power systems where modt..rate po_ver is required for pe-

riods up to -_everal _eck_. "F_o H-O fuel-cell systems, the

modified Bacon cell designed (or the Apollo mission and the

ion exchange membrane cells designed for the Gemini mis-

sion, are compared, and other types of fuel cells are briefly

described. Other sources of power include chemically

fueled engines, solar heat collectors, and nuclear reactors.

Brayton cycle systems, thermionic converters, and low-

and high'-power Rankine cycle systems can be used to con-

vert power from reactors or solar heat sources. The ad-

vantages and disadvantages of utilizing these power sources

and conversion systems in spacecraft are discussed, The

problems of obtainihg suitabh., materials for the reactor,

boiler, and radiator in llankine cycle systems ai'e de-

_79H SYMPOSIUM ON THERItrlONIC POWER CON-

VERSION, COLORADO SPRINGS, COLORADO, 1962. Ses-

sions IV-VII. Paul H. Egli,ed. Advanced Energy Con-

version, 3: 1-405(Jan.°Mar. 1963}.

Separate abstracts were prepared for thirty-four of the

forty papers on thermlonic-cell design and performance,

phenomena associated with thermlonic cells, and stud/es

of materials for thermionic cells. Three of the remaln/ng

papers_. were previously abstracted for NSA. (D_ , _.3

113264

113265

UNCLASSIFIED

TRANSCRIPT OF THE PHOTOVOLTAIC SPECIALISTS CONFERENCE,

VOLUME II: REPORT ON SYSTEMS EXPERIENCE, APPLICATIONS, AND
DESIGN (Held at Statler-Hilton Hotel, Washington, D.C.)
(Period covered: April 10-11, 1963)

July 1963 Unclassified

Pennsylvania, Univ. of (PIC-SOL 209/3.1)
Institute for Cooperative Research
Power Information Center
DA 36-039-SC-9083!
Publication

Conferences (power sources)
Photovoltalc devices
Photovoltalc cells

Power systems, solar

Conversion systems, solar energy
Generators, thermoelectric

Solar panels
Solar cells

UNCLASSIFIED
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115591

UNCLASSIFIED

PROCEEDINGS OF THE 17th ANNUAL POWER SOURCES CONFERENCE

(_y 21-23, 1963)

Unclassified

Army Dept.

Signal Corps

Research & Development Laboratory
Power Sources Division

Meetings, 17th Power Source6

Conferences (power sources)
Solar cells

Solar energy devices

E=.ergy conversion

Generators, thermlonlc

Converters, thermlonle

Batteries

Fuel cells

Space power systems
Converters

UNCLASSIFIED

Fccts &bout solid state devices; symposium.
II bletal PPog 83:1384- My '63

117425

UNCLASSIFIED

SPACE POWER SYSTEMS: 1963 STATE OF THE ART (XIVth Congress

of the International Astronuatical Federation, Paris,

September 1963)

Szego, G-C.

Unclassified

Institute for Defense Analyses (International AsLronautical

Paper Congress Meetings, XIVth)

Space power systems
Solar cells

Power systems, nuclear

Radioisotopes

Energy conversion
Batteries

Converters, thermionlc

Generators, thermionlc

UNCLASSIFIED
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D, t'i :eo_;y

dNNIC_OI,VED PROB[_-": A- TI!, PHO} I,ECTNICITY
ZJ4is3 /_.F.Joffc, B.Ya.M.y:_.s ,q1_.i 1 _ StiP.;:_ ".

",Semlconductor Physics" ConG'ref:<'c Pray:us 1960 (see ,_bstr.
,_lll:l of 196,:) p.619 Z6. In Russian.

$_me problems related to the study of thermoelectrlcity are
discussed, especially" those, whl('h are closely concerned with the

scattering of heat transfer in semiconductors. _ t_ , _ -_,...

C_.|Cll|Stttoll_ DI tn_ tsJ_lJJlOeleelrle Varameter8
and the mnxJmutn figure of merit for acous-
tical scatter n_. L. R. TestardL bib/tog J ADPhys 32:1978-81 0 '$1

.... . o.. . . . o

x_0-282 718 Div. 7

(TISTE/CDM} OTS price $2.75

General Electric Co.. Nest Lynn. Miss.
VOLTAGE REGULATION AND POWER STABILITY IN U.NCON-
VENTIO_AL ELECTRICAL GENERATOR SYSTEMS,

_uarterly technical progress rept. no, 3,
Jl Dec 60-31 Mar 61.

31 Mar 61. 139p. incl. illus, tables.
(Contract Now 60-0824-¢)

Unclassified report

DESCRIPTORSs mVoltage regulators, eElectrl¢
power production. UPower supplies, *Fuel cells,
*Generators. *Thermoelectrl¢Ity. *Thermionl¢

emission, Switching circuits. Control systems.
Transistors, Direct current, Inverted recti-
fiers, Solid state physics. Inverter circuits.

Electronic circuits. Sources. Voltage. Imped-
ance. Design. Testa.

Research continued on voltage regulation and
power stability in unconventional electrical

generator systems. Test data o• the internal
impedance characteristics of • fuel cell ere

presented. Steady state volt-ampere character-
istics of both thermoelectric and thermionl¢

generators are given, An analysis of series-
parallel switching methods of voltage control
is Included. The results to date of • survey

of applicable power conversion circuits using
power transistors and silicon controlled recti-
fiers is given. Progress to date Is the exper-

imental investigation of efficient power con-
version circuits using am input voltage of one

volt iS presented. (Author) i_,,

THERMOELECTRIC EFFECTS IN NONLI_qEAR
14588 JUNCTIONS. R. ¢¢.Ure, Jr.

J. appl. Phys. (USA), Vol. 33, No. $, 1902-3 {May, 19621.
Discusses the delinition ul the Peltier effect tn p-n junctions.

with reference to the inclusion oi the Joule heating term.
N H.Saundern

Rendement theorlque maximum des convertlsseurs d'6nergle a
_misslon thermoelectronique. B. DEVIN. M.VANDEVYVER. J de
physique et Radium (Physique Appltqude) v 23 n 6June1962p
73A-90A. Maximum cfflclencyof enert,._"converters with electron

thermal emission; general equation for efficiency of thermionlC
converter in optimized conditions derived in terms of 2 funda-
mental parameters which are anode work function and cathode

quality factor; maximum efficiency is calculated; relative magni-
tude of cot_ductien and radiation losses Is pointed out; sets of
curves for various anode work functions present.ed. 32 ref.a...._f.fi_
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14594 ['IIEOIIY OF .m,ltNOftlTY CARIH:'.'R rHFRMOE[ F.CTi_[C
t_(.)OI,ING. M.A .Mel_,hy.

J. appl. Phys _U.CA), V ,1."_3,No. 6, 2100-6 (June, I962).

The posslbllity of backward injectiono{ minority carriers in

p--n junctions is shown. Itis predicted that ina forward -biased

p--n junction where this type of injection occurs, heat energy is

pumped out of the Junction causing it to cool off. Some conditions
which lead to backward injection of minority carriers are described.

Theory is presented for a particular p-n junction model in which

this new cooling effect takes place. It is shown that a given d.c.
electrical energy may be used to pump nearly an equal amount of

heat energy from one of the junctions to the neighbouring ones
F'ovided that the junction temperatures are sufficienHy close to
each other.

l')_.flT_itlonof fl_llreOf t11Or|tfor energT-eon-
x( r.<t(m 1)rcw('._:_'_. _.. MolHi. J Aerospace Sei
29:_1 JI '62

DeDrndenco Of the lhorlnofqcctr|e fi_ure of
;_ierit nn el_or_v I_:tT_dwidth R. C. Miller
:tnd others, bildlog J AD Phys 33:1-°25"3|
Je "C2

"AD-287 833 Oiv. 25

(TISTPIWH) OTS price $1.60

Northeastern O., Boston. Mass.

CONVENTIONAL AND PLASMA TIIERMOCOUPLES.

by Jack Davis and Giovanni Lsnza. 5 Jane 62.

l?p. incl. illus. 9 refs. (Scientific rept. no.
I)
(Contracts AF 19(604)7358, AF 19(604)8462 and

AF 49(638)555_ FroJ. 6694)

(AFCRL 62-630) Unclassified report

DESCRIPTORS: _Thermocouples, *Thermo_lectri¢-

ity. *Irreversible processes. WDifferentlal
equations, *Plasma _hyslcs. *Electrons, UTher-
mal conductivity,'_Electrical conductance,

Theory. _ .
Existing theory on conventional thermo¢oup e$
is summarized and revised. Utilizing the co_
cepts and ideas of irreversible thermodynaml_|
we are able to obtain the Seebeck, Pelt_er and

Thomson coefficients by making use of the rela-
tions between the phenomenological coefficlent$_

Since we are mainly interested in developing e
general theory for a places thermocouple employ-

ing these methods we consider s simple case sa
an example of how one uses the techniques of
irreversible thermodynamics. To this end we
assu_e the collision term in the Boltzmana equa-

tion can be replaced by u relaxation type of

phenomena. We then consider en electron gas In
• solid conductor using Fermi Dirac stutlstlcs

and • plasma usi.g Maxwell Boltzmann statistics.
_ith these simplified assumptions we obtain the
usual expressions for the electrical and thermal

conductlvitiea. (Author) l_._

THEORETICAL CONSIDERATIONS WITH RESPECT TO
234ti4 THE DEFINITION OF TIIE ELECTROLYTIC PELTIER

EFFECT. Y.Thouvenin.

C.R. Acad. Sci. {France), Vol. 255, No. 4, 674 6 _July 23, 1962).

In.French.

After consideration of the historical definitionof the Peltier

effect,an up-to-date version is given as the amo-nt of heat
involved at an isothermal junction of two plu'_sestraversed by an

electriccurrent when the irreversibility of the phenomenon is

negligible. In the particular case of an electrochemical system,

itisthe quantity of heat liberated by the reversible passage of a
m01e of the clectruactive ion from one phase to the other [cf. ibid..

Vol. 251, No. 7, 956 (Aug. 17, 1960)]. H.H.Hodgson
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lili_.E'_El,_It_i_; il|l"IC,ttH.,_'i,MICb". E S,l_ttnt,r.

J appl I'Lys (t".:'_LV-I 33, No 8, 265-I-5 (Aug., 1962).

.%'f.At,:,tr,5032 ut 19bl. By irrev_,r._bh, thcrm_lyn;inllcs {and other o

wise) one can show thatthe maxlnmm efficiencyofan infinitesimal

thermoelectric gvneraIor isgivenbyJoite's formula: 11(max) - (.sT/T)

{It * z)' '-. I}/{(I * zP ' * I} where z = a'uT, K =:0 (cJis the Seebeck

cocfIiclent, o and K the electricaland thermal conductlvlhes). While

"In principle" the eiflciency tends 1o thp Carnot elilctency, AT/T,

for large z it is emphasized here th.t lh!__!_ a miMeadlng formul-

ation, since the properties of actual materials place rather drastic

lhnlts on s. R.O.Davlea

Th*'oreticltl t_)tllld on lh0 t}'l_r|_lofqr'ctric flgllrt
0{" IIl*'r'lL ['['0111 irr_=__.r:tlde t|wnuody¢_anltc-.s.
if. I,illman :t_ltl 1¢ I_avl*l_on. blldjo¢ J ,_p
t'l;ys 32:217-19; 33"2_55-6 F '62. ,_._ '62: Dis-
cussion Ipt 1). I-:, S. ltittner. 33:26_t-5 AE
'62

/ A CLARIFICATION OF TIIE THEORETICAL UPPER

!9892 BOUND ON TIIE TIIEILMOELECTRIC "FIGURE OF

MERYF' DERIVED FROM IRREVE.rCSIBLE THERY.IODYNAMICS.

H.Llttman.

J. appl. Phys. (USA), Vol. 33, No. 8, 2655-6 (Aug., 1962).
The point made in the paper of the preceding abstract ie

accepted. It is then remarked that an apparent paradox remains

since in the limit of large z the entropy production does not vanish,
although the Carnot efficiency is reached, In explanation it is urged

that the Joffe formula is approximate and that in any case the infinite
load resistance required in the limiting case to realize maximum

ellictency leads to zero fluxes. R.O.D'avie_

/4Z_ ZERO-FIELD EMISSION FROM THERMIONIC HOLLOW
CATHODES. l.Brodie and A.Niewold,

J. appl. Phys. (USA), Voi.33, No.ll, 3328-34 (Nov., 1962_.

An examination of the theory of the thermionic hollow cathode

shows that several distinct modes of zero-field emission are

possible. The mode that exists in any given case depends on the rela-

tionship between a certain parameter d, which characterizes the nature

of the electron cloud within the cavity, and the size of the effusion

hole and the cavity dimensions. A quantitative expression is given
for the conditions under which the hollow cathode can be used for a

precise determination of the thermionic constants by the method o_
Jain and Krishnan. Under other conditions a quasi-hollow beam is

ob'ained and a theoretical prediction of the total zero-field current
from the hole was found to be in order of magnitude agreement with

experimental observations. An explanation of the similarity of
emissions between 'L' cathodes of different porosity is also given.

Solid-state conversion concerts for svace
needs. J. F. %Vise. bibllo_ Elec En_ $1:$61-8
IN '62

/27998 DEVELOPMENTS IN THE FIELD OF THERMO-

ELECTRICITY. G. Gramberg and H. G. Plust, Brown

Bereft Roy., 49: 501-14(Nov.-Dec. 1962).

In recent years thermoelectriclty has become increasingly

Interesting in the fields of refrigeration and for the direct

ccaversion of heat !nto electrical energy. General con-

siderations show that the efficiency of th!e method is

governed by the Carnot cycle and by a material factor known

as the "figure of merit." The effie!ent utilization of thermo-

electricity requires r.mterlale ._,ith a high figure of merit:

the discovery of such materials is the task of the physicist.

Since the thermoelectric production of energy and electro-

thermal refrigeration are based on the same physical

phenomena, both can be devolved from the same first

principles. These basic principles are described alon_

wlth some salient points concerning development work Into

electrothermal refrigeration. (suth) .% C_r_ I_



25423 TIIc;ILLIODYNAMICS OF TIlE TtlERMOELECTR1CITY IN

"lhe_ CltANGE OF P)tASE. C.J.ClarO.
Bol. Acad. Nac. Cienc. Cordoba {Argentina), Vol. 43, No. 1, 26 pp.

(t962).
Considering the reversible thermoelectric phenomena in the

production off melting by the Peltier effect in a metal, an extension
of the laws of the thermodynamics is made: (1) The Gibbs-
Helmholtz equation connects the thermoelectric coefficients with

the calorimetric parameters. (2) The free energy variation of the
conduction electrons is identified with the Peltier effect. (3) The

specific heat _ariation between solid and liquid is equal to the
Thomson heat variation. {4) There is a law of prol×_rtionallty
between the latent heat evolveJ ,and the elect,'ic charge and between

the mass of metal that changes phase and the electric charge.

(5) The Peltier co...fficient can be obtained from the velocity o! the

interphase movement. (6) fhe velocity of the interphase l=
compared with the driit electronic velocity. CA /6 %

|

10892 A THEORY OF TIfERMOELECTRIC AND THERMO-

MAGNETIC EFFECTS. J.K_bdziejcz:Lk, L.Sosnowskl
and W. ZawadzkL

"Semiconductor" Conference, Exeter, 1962 (see Abstr. 6566 of
1963) p. 94-8.

A method of solving the Boltzmann- Lorentz equation is found

•#hlch enables the general expression for the heat and charge trans-
port in the preserce of a magnetic field to be obtained. The method
applies to the case of spherically symmetric bands, non-parabolic

dispersion law and an arbitrary degree of degeneracy. The formulae
for the heat conductivity, the Thomson coefficient, the thermo-

electric power, Nernst- Ettingshausen, Right- Leduc and related

effects for the isothermal and the adiabatic case are given. It is
shown that the deviation from the parabolic band structure can cause

even the reversM of sign of some of the effects. {_$'_ t _ *'_

23025 ON THE RELATIONSHIP BETWEEN RESISTIVITY AND
TItERMO-e.m.f. D.Smart and E.Smart.

Phil. Mag. (GB), Vol. 8, 643-50 (April, 1963).
Qualitative indications are given that for a numbf, r of thermO-

couples the relationship between resistivityand thermo-e.m.f, is fairl F
simple. It is also shown that under certain conditions Mott'$

equation for thermo-power is directly integrable and leads to an
equation for a couple of metals A and B, with Junctions at Tt, Ta:

•r = [2cc_,_P2F(T,)I'

... [ e
where ,V_ is the e.m.f., c is a constant, t'o is Fermi energy at O_K, •

is electronic charge and p is resistivity. F(T) gives the effect o(
ionic vibrations in the ]att;_c, bei.g T(1 . 2a_'T) at hightemper-

atures, where a is thermal expansion coefficient and )'relate=

change in volume to change in Debye point, Data for platinum and

copper are shown to be consistent with this equation and data for
some other non-transition metals are not inconsistent. Since the

equation relates thermo-e.m.f, to deviations from the 'standard'

form for resistivity, extreme accuracy is required and thermo-e.m.f.
and resistivity should preferably be measured on the same specimen.
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24208 Po:FE_ITIAL AND CONCENTRATION DISTRIBUTIONS

A LOW-PRF-,SSURE THERMIONIC ENERGY

CONVERTOR. A A.Ost roufohov,

Radlotekhnika i Elektronlka (USSR), Vol. 8, No. 4, 619-21

(April, 1963). In Russian.
Essentially a contlnuatlon of the author's article (see Abstr.

9718 of 1963). The theoretical expression for the dlstributtoa

agrees fairly well v'iththe experimental data; the agreement is not

so good as regards the absolute values of the concentration.
t_ '_-_ D.E.Brown

Convers|on of ther'mRl to rlectrlcn.len_'r_'y
with ,*crro_lectric m_terials. S. R. l{oh.
bib'.tog dIRgs IE_I_ Proc 51:$3s-45 My '6_

25425 THEORY OF THERMOELECTRIC POWER IN LOW-

MOPILITY SEMICONDUCTOI_.

M.M.Chadda and A.P.B.Sinha.

Indian J. pure appl. Phys., Vol, I,No. 5, 161-3 {May, 1963).

Investigates the thermoelectric properties of-low-mobility

semiconductors, in which the charge carriers are localized and the

electrlcalconduction takes place through their hopping motion, The

heat oftransport (Q*) and the energy towering (O) due to the polari-

zation of the latticeare shown to be related by the expression

Q* = eb- _, where g, and ¢c are respectively the components due to

polarizations associated with the ions in the hot and cold parts of

the semiconductor. Itis shown that the contribution of Q* to the

thermoelectric power can be appreciable in some cases. Fhe values

of Q*/_ are theoretically evaluated for a face-centred cubic crystal

for certain select directions of temperature gradient.

PAII, 

heoretlc_tl I,our_(I on the then_oelectrlc flk-xlre

J ,AO l'h) ''= 31:2071-7 31 "b3

25424 PHONON-DRAG SEEBECK EFFECT IN A STRONG
MAGNETIC FIELD. I. LONGITUDINAL CASE. T.OhtL

J. Phys. Soc. Japan, Vol. 18, No, 8, 1166-73 (Aug., 1963).

A quantum theory is developed for the phonon-drag thermo-

electric power of semiconductors in a longitudinal strong magnetic

field with the use of the quantum-tlmit approximation. Thermo-

electric power in the pure crystal is first calculated to give

AQ(B)/Q(O) = Iq, ,L, (h_J'kT) v=

where AQ(B) isthe incremental thermoelectric power due to

magnetic field,Q(0) isthe thermoelectric power without the field,

ki_Li is a constant delx.ndent on the crystal direction _ijk], and _.
i_ the cyclotron frequency. This can explain an experiment

approximately. Saturation effect, impurity scattering effect, and
lierrtng's hydraulic analogue (t954) are also discussed taking the
magnetic field into account.
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10030 THE PHYSICS OF THERMOELECTRICITY.

R .Wol/e.

Semiconductor Prod. (USA), Vol. 6, No. 4, 23-8 {April, 1963).

The technology of thermoelectric refrigeration and power

generation is based on the physics of therr_oelectrlcity. The choice

of optimum thermoelectric materials requires an understanding of

such basic properties of semiconductors as the electrical and

thermal conductlvlttes as well as the various thermoelectric effects.

These properties, along _4th the thermoelectric "figure of merit"

which they determine, are defined and discussed, first from a

phenomenologlcal point of view and then in terms cf th6 electron

theory of semiconductors. _.L=7_, _-_

"rhermoelectrle transients. $. B. Horva.y. i|
dings II¢I-H._ Trans Applications & Ino
p lu-ls_y '63

,'}N NTZ '6:

15639 EXPERIMENTS _ITH PELTIER JUNCTIONS PULSED

WITH'HIGH TRANSIENT CURRENTS.

M.Idnurm and K.Landeeker.

J. appl. Phys. (USA), Vol. 34, No. 6, 1806-10 (June, 1963).

Landecker and Findlay (Abstr. 16762 of 1962) showed that when

transient currents are passed through a cooling Peltier Junction the
resulting transient temperature depends strongly on the current

waveform. In particular, an extrema-" of the current as a function

of time exists for which the resulting transient temperature is much

lower than for any other current waveform. With the aid of an

experimental method developed for the purpose, temperatures well

below 10ft'K were in fact observed with bismuth telluride junctions.

Since the occurrence of temperature transients producing such low

junctinn temperatures is rather difficultto reconcile with some

notions of solid-state theory, these results have been re-ex.:mined

for c-trent densities of up to _ 4000 A/cm = using a modified tech-

nique t.h_teliminates possible sources of systematic errors in the

previous method. ,"he results may be summarized as follows. Up

to the highest current densities that could be produced a monotonic

increase of the temperature drop with final current density was

observed. The finaltemperature drops ranged from 205" to 120"

measured from a reference temperature of "_2{rC (room tempera-

ture) depending onthe eificiencies of the junctions.These efficiencles

_vere difficultto predict from the performance of the junctions with

stationary currents. For the highest currents and the very low

transient temperatures an error of up to 150" may arise from

imperfect heat transfer from the hot junctions to the water-cooled

heat sinks unless special probes are provided to/neasure the

Seebeck voltage, itis _ery likely that the accuracy of the measure-

ments cannot be expected to be improved much further as long as

grown crystalline n and p branches are used. Itis hoped to produce

slntered Junctions of more suitable shape and grea'.er mechanical

strength for further experiments. /_f_
i rJ

32832 ON THE BoUNDEDNESS OF THE DIMENSIONo

LESS INDEX OF PERFORMANCE OF A NERNST EFFECT

GENERATOR. S.W. Angrist (Carnegie Inst. of Tech.,

Pittsburgh). New York, American Society of Mechanical

Engineers, 1963, Preprint 63-APM-4, 4p. (CONF-6-5).

From Conference, Ithaca, N. Y., June 1963.

In an earlier paper, a Nernst effect generator was ana-

lyzed by the usual thermodynamic methods and it was found

that a bound of unit)' arises on the dimensionless quantity

eT where 0 is given as the square of the product of the

lqernst coefficient and magnetic field divided by the thermal

conductivity and electricalresistivity. By application o(

the appropriate equations of semiconductOr theory, this

bound is shown to be Justifiedfor four limiting cases:

weak magnetic fields considering both extrinsic and tu-

trlnsic materials, and strong magnetic fields considering

both extrinsic and intrinsic materials. (auth) ?_./_ /_.q_
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L •
GENERAL

E. Apparatus and measurement

A SIMPLE METHOD OF RECORDING TIIE PELTrI_-A

#19893 EFFECT AT THE BOUNDARY BETWEEN SOLID AND

LIQUID PILASES. G.V.Komarov and A.R.Regef.

Pribory i Tekh. Eksper. (USSR), No. 2, 160-I _4arch-Aprll, 196l).

In Russian.
The Peltter effect at a solld-llquid boundary can be studied by

observir_ the movernent oi the interface duri.'_gthe growth of a

crystal, One of the problems involved is the accurate measuremer_

o! the position ol this inter(ace and this is overcome in the system
described. The crystal is grown in a glass tube so that a beam oi[

lightcan be reflected from the growing crystal, By suitable optics

it is possible to obtain an image o! the interface on a moving film
and to record its position (± 5p) as a function el time (* 0.I see).

[English translation in: Instrum. exper. Tech. (USA), No. 2,369-70
(March-April, 1961; publ. Dec., 1961)]. C.H.Gooch

4
||316 (NAA-SR-Memo-6741) HIGH TEMPERATURE

SEEBECK COEFFICIENT APPARATUS. E.G. Forster,

Jr., and A. J. Saur (Atomics International, Div. of North

American Av/atlon, Inc., Canoga Park. Calif.). Sept. 14,
1961. Contract|AT-ll-l-GEN-8}. 33p.

An apparatus for measuring the Soebeck Coefficient of

pellets of "N" and "P" types of lead tellurides was built

and operated. The apparatus will measure the Seebeck Co-

efficient as a function of temperature in the range extend-

tng from 350"F up to the melting point of lead telluride.

With proper operating technique and applying corrections

for known systematic errors, the probable error in the r_-
suits is less than 20%. (auth) /V'>/I ' {_

M ep..surement .or tnn .flg_lre of merit of a
_nermoe_ectrte matersal. A. E. Bowley and

_ .others. dlags.3 Set l.n.str38..'13.3.-.5.N '61

tlot Probe measures semiconductor thermo-
electric rower. N. Bobson. il dJags Elec-
tronics 34.'61-3 D 8 '61..

D_=tf'rmlnRtlon of th_rm,'t! dlffuslvlty by uUI|-
z.'ttlon Of the thermoPIoctr|e effect. D A.
i)lnrlo;v arid other.q, biblin_ dla¢ R Set fnstr
32:!417-15 D '51

Study of Fast Transient Behaviour o,* Peltler Junctions. K.
LANDECKER, A.W.FINDLAY. Solid-State Electronics v 3 n 3--4

Nov-Dec 1961 p 239-60. Method developed for measuring tem-
perature of thermoJunction after passage of fast transient current
pulses, 30 msec to several seconds durat_or_;rc_uits obtained are

applicable to Peltler heatlng, but mats Interest of study Is In
cooling effect. _'.E" '& _

Apparatu._ for the rapid seannln_ of tl'je
• Seebeck eoetYleient of semiconductors. IJ.

b: J, Cowles a.d L. A. Dauncey. diaga .I
Scl instr 39:16-t8 Ja '6t

Measurement u_ tne tnermel ¢llrfuslV_|t X .of

thermoelectric _?tfrl_. F 'D6'2 J' Me.e|,,..dJagJ Ap Phys 3', : 7- ' .
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Aptv._l(A'I I_; FOR TIlE RAPID ,MEASUREMENT OF

'-'7601 S}"E_:2CK COb:FFICIENT. M.Fraser.

J. sci. Instrum. (GB), Vol. 39, No. 5, 227-8 (May, 1962),
Describes ;m ,_pparatus which waS desl6,ned for the rapid but

accurate measurement of Seebeck coefficient at several points

along the length of a sample. By a simple modification the measur-

ing technique can be extended to cover a range of temperatureS, The
sample is clamped between steel blocks which are maintained at
different temperatures. The temperature gradient and the resuRing

thermoelectric voltage are measured between two thermocouples
which are mounted on the tips of triangular probes. These are con-

structed of thermal insulation and so do not result in extraneous
heat flow. The reproducibility of the results obtained with this

apparatus was estimated to be better than 3_. The absolute values

are compared with those obtained by a Harman technique and agree

to within 5_. _'E/_ /(a

RAPID METHOD FOR MEASURING SEEBECK CbEFFI-

/ 23490 CIENT AS AT APPROACHES ZERO. J.E.Ivory.

Hey. sct. Instrum. (USA}, Vol. 33, No. 9,992-3 (Sept.,1962). •

A rapid method for obtaining the Seebcck coefficient is descri-
bed. A Seebeck voltage obtained across a sample with respect to
one material of a thcrmocouple is plotted against that obtained •

across the sample with respect to the second thermoeouple material
on an X-Y recorder as the temperature gradient across the sample

is slowly varied. The slope of this curve, which is not dependent

upon accurately matched thermocouples, yields the $eebeck
coefficient of the sample. This slope can be measured at a point

corresponding to zero _T. _'_ _-_ _0_"

/9864 SURFACE TEMPERATURE MEASUREMENT. ERRORS

IN MEASUREMENTS WITH THERMOCOUPLES.

F.Moeler and H.Meyer.
Arch. tech. Messen (Germany), No. 323, (Ref. V 2162-4). 269-72
(Dec.); No. 324, (Ref. V-2162-5). 1-2 (Jan., 1963).
In German.

A thermocouple is embedded in the surface and fixed in position
by suitable insulating varnish. The leads run parallel to the surface

for a short distance and emerge perpendicular to the surface.
Temperature distribution along the leads is estimated by caiculaUng

the thermal resistances involved and results for a particular set up
are considered. The effect of embedded length and wire diameter
are considered. E.H.Dock

.......... _,'_ ,_-_

14963 MEASUREMENT OF THERMOELECTRICMATERIA-LS

AND DEVICES. T.C.Harman.
Semlconductor Prod. (USA), Vo|. 6, No. 9, 13-21 (Sept., 1963).

The measurements of electrical resistivity, Seebeck coefflclent_

thermal conductivity and the thermoelectric figure of merit are
discussed in detail. Emphasis is placed on the underlying principles

rather than on a comprehensive discussion of the many experlmen-

tad arrangements which are presently In use. Various experimental

factors which may lead to significant measurement errors are men-
tioned In connection with some experimental methods which have.

been found useful. _.. _.[_ t _



II. MA LERIALS

A. Thermoelectric properties

EFFECTS OF LMPURITIES IN BISMUTH TELLURIDE..

'23161 H.J.Goldsmid.

"Semiconductor Physlcs'" Conference, Prague, 1960 (see Abstr.

21113 of 1962) p. 1015-17.

Expermlents on Bi_Te 3 containing different impurities .are
reported. Density measurements suggest that iodine atoms enter

the lattice substitutJonally. Studies on tin-doped Bi2Te3indicate an
unusual temperatur,:..vartation of carrier density. Thermoelectric

measurements in the intrinsic range, on solid solutions of Bi2Te s

with SbaTe,, show that the mobility of electrons can exceed that of

hc,les over a wide range of compositions. {_}_'tk7r._.l_/

THE THERMAL AND ELECTRICAL PROPERTIES OF

23081 CADMIUM AND MERCURY TELLURIDES.

R.P.Chasmar, E.W.Durham and A.D.Stuckes.

"Semiconductor Physics" Conference Prague, 1960 (see Abstr.

21113 of 1962) p. 1018-22.

The thermal and electrical _roperties of cadmium telluride,

doped with indium and with iodine to give carrier concentrations up
to 2 × I0z'electrons cm "swere determined from 25o to 250°C. A

value of 0.14 for the effective electron mass ratio at 25°C was

obtained and re3ults indicated a rise in this value with temperature.

CdTe specimens doped with iodine show a substantial, temperature-
independent, increase in thermal resistance while the thermal con-
ductivity of the CdTe --HgTe system is a minimum near the centre

of t._,e alloying range. Some thermoelectric figures of merit for"

CdTe are calculated. _P_3f {o

J

860 THE INFLUENCE OF THE OXYGEN CONTENT ON

ELECTRICAL AND THERA_OELECTRIC PROPERTIES OF
THE TERNARY SYSTEM Bi2 Te_., Se,. K._mlrous and L _tours@.

"Semiconductor Physics" Conference, Prague, 1960 (see Abstr. 21113
of 1962) p. I017-18.

The influence of ox'ygen contained in the semtconducting system

Bi, Te2__ Se_ on its electrical and thermoelectric properties was

studied. Itwas shown that the admixture of Bi20_ in a concentratloa

lower than 0.01,_ to the solid solution of Bi_ Te2,,Seo,6of n-type con-

ductivitycauses a decrease of the electrical conductivity, while the

thermoelectric power remains unchanged, t'#|_ ((_'2_
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TIff I"HFRMO_':LI'.'CTlqlC BEHAVIOUR OF ZnxC_It.xSb,
Z34t17 E.Justi.

"Semiconductor Pl,ysics" Conference, Prague, 1960 (see
Abstr. 21113 of 1962) p. 1074-9. lnGerman.

tint!! recently measurements by different authors of the Seebeck

coefficient ct of pure stoichiometric ZnSb showed great discrepancies
ranging from a : +90 to a : +4S5 t_ V deg'tC, or even negative
values. In the first part of this lecture it is shown how to obtain

homogeneous reproducible specimens of ZnSb or ZnxCdi_xSb by
proper annealing. Within i27t. the e.m.f, of such ZnSb can be

represented by a " _.?9 - ?00.log a, of Zno.oCdo.LSb by
a = 669 - 200.log o; the coefficient 200 corresponds exactly to the

theoretical value Mk/e aecordint,' to Schottky and Pi_sarenko. Doping
experiments with impurities as No, Cr. Ni, Cu, Ge, Pd0 In, Sn, Te,

Pt, Hg, Bi in different r_mc,,Li.dions are described. Cu is the best
accepter in so iar as increasing the amount of @o-i by 19 _ V deg'* C.
Of all additions only In is able to diminish a and a acting as donor.

in the third part the author describes measurements of _ or pure
ZnSb, pure Zno.iCdo.iSb and Cu doped Zno.0Cdo.lSb down to 4OK,

showing a continuous decrease ¢.1 _ ; the problem Is discussed from
the point of view of theory el Secbeck effect and Nernst's theorem,

generalized by Kolder. _1_ f_7..,-

,,.?

14630 ELECI"RIC CONDUCTIVITY OF BaTiO, BASE SOLID

SOLUTIONS OF MANGANESE. COBALT AND NICKEL

NIOBATES AND TANTALATES. E.A.Stafiichuk and E.V.Sinyakov.

Izv. Akad. Nauk SSSR, Set. fiz.,Vol. 24, No. II, 1380-3 (1960).
In Russian.

"Ferroelectricitl#' Conference Paper, Moscow, April, 1960
{see Abstr. 12S61 of 19621. The resistivitl_,thermo-e.mJL and

activation energy were measured for solid solutions of barium

titanate with manganese, cobaR and nickel niobates and tantalates.

X-ray diffraction studies showed that the composition containing
ABzOf, where A stands for Mn, Co and Ni and 13 stands for Nb and Ta

is a compound. The detailed differences between the many com-
positions are discussed at length as is the character of the con-

ductlvity. [English translation in: Bull. Acad. Sci. USSR, phys. Ser.
(USA). Vol. 24, No. 11, 1376-9 (1960)]. P.E.Seidea

_o_ t ¢a .L._

/843 NEW WAYS FOR THE STUDY OF SEMICONDUCTORS.
A.F.Joffe.

"Semiconductor Physics" Conference, Prague, 1960 (see Abstr.
21113 of 1962), p. 9-12.

A survey of outstanding problems and possible lines at

development of work on semiconductors, with particular
reference to thermoelectrlcity. J.B.Blrka_

¢_,,%,_
.........................

A NOTE ON TIlE MECIb%h'[SM OF CONDUCTIVITY IN
23303 FERROI%_AGNETIC AND ANTIFERROMAGNETIC SEMi*

CONDUCTORS. Ya.M.Ksendzov and V.A.Stogowa.

"Semiconductor Physics" Conference, Pra,Tae, 19,50 (see

Abstr. 21113 of 1962) p. 92-6. In Russian.

A connection of the magnetic arrangement with the electrical

properties of transltlon metals compounds of the 3d grOup is

studied. A supposition is stated that the electr._calconductivity is

connected with exchange interactions of ions and electrons in the 3d-
shell. On the basis of this model a study of electrical conductivity

of compounds with ferro- and antif_rromagnetlc properties, and the
properties of these compounds in the paramagnetic region is also

made, The work shows that the results of the temperature depend.
ence of electrical conductivity and thermoelectric force In some
ferro- and antiferromagnetic semiconductors can be explained by the

presented model, i'_"_6 2 -
* /
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I'_'LL TIHCAL i'I'OP_:_:IIF _ _fl:_d_As v
•_3374 W:_d.,nowicz.

"Semiconductor pn)slcs" Conference, P_.LI_e, 1960 (see

Abstr. 21113 <_f1962) p. 1095-9.

Resistivity, ll,'Lllcoefficient, mat_netoresistivlty and thermo-

electric power were measured for Cd_As_ monocrystals (n-type

conductor) between 95° and 700°K. The Hall constant amounted to

R = - 3.6 cm _ C -_ (n = 2 × I0_scm-S), resistivityp --3.86 x I0 _ {'tcm.

The activation enerb_Y of electron AE o = 0.14 eV was calculated from

the Hall slope. The fl.'dlmobility of electrons at 290°K,

PH = 8/3_,(Ra) = 9500 cm s V "=sec "i, while at95°K,

_H 27 000 cm_ V'= see'i" Between 95° and _3500 K the Hall
mobility changed according to the law _H ~ T-i, from _350 ° to

475°K _ according to tt_l~ T -a'5,while above 475°K according to

_I-[~ T-t's" The thermo_'_ectric power at 300°K was
a = -60 _V deg "=K. The Fermi level expressed in terms of

= _/kT was always larger than two. The effectivemass of electron

• = 0.046 me to m_ = 0.066 meincreased with temperature from m n

at 290 ° and 700°K respectively. |.'_/_(_

%23399 ELECTRICAL AND TIfERM.AL PROPERTIES OP IniTes

SENUCONDUCTOR WITH DEFECT STI_UCTURE.

V.P._.uze, A.I.Zaslavskii, V.A.Petrusevi_, V.M.Sergeleva,
I.A.Smlrnov and A.l._elykh.

"Semiconductor Physics" Conference, Prague, 1960 (see
Abstr. 21113 of 1962) p. 871.81. In Russian.

Electrical conductivity, Ha!! effcc.*,thermoelectric power,
thermoconductivity and absorption spectrum of In2Te3 (semlconduct.

or with ,lefectstructure) was studied. A polymorphic _ _ 3 change

which can be attributed to the prccess of ordering cation vacancies
or the reverse process was found and studied. The defect of the

latticeand the degree of order of the vacancies determines the size

and temperature dependence of electron and phonrn scatterinE. 2.-
r f_f (_

SCATTERING AND EFFECTIVE .MASS OF CURRI_NT

23401 CARRIERS IN LEAD SELENIDE.

l.A.Smirnov, B.Ya.Moiles, E.D.Dovyatkova, E.D.Nensberg and
A.A.Averkln.

"Semiconductor Physics" Conference, Prague 1960 (see Abstr.

21113 of 1962) p.645-8. In Russian.

Thermal and electrical conductivity, thermoelectric force and
the Hall coefficient were measured on samples of PbSe with

different concentrations of impurit_t electrons and holes in the
temperature range from 900 to 430_K. It is shown that current
carriers scatter on acoustical modes and their effective mass

changes with temperature. This change can be connected with the

anomalous temperature dependence of mobility. An analogous
dependence of mobility on m* can be obtained from electrical

conductivity and thermoelectric force measurements during hydro-
static pressure. Some suppositions are quoted on the band struc-

ture of PbSe. According to these suppositions the change m* must
be of the same order as the change In width of the forbidden band
experimentally found as _o/p. i')/_t "2

ELECTRONIC CONDUCTION IN RUTILE (Ti(_).
t/ 23413 H.P.R.Frederikse, W.R.Hosler and J.H.Becker.

"Semiconducto1" Physics" Conference, Prague, 1960 (see

Abstr. 21113 of 1962) p. 868-70.

Measurements of conductivity, Hall effect and thermoelectric

power pc.rformed on slightly reduce.d crystals of futile can be ex-

plained with a model involvin_ two conduction mechanisms: one of
free electrons in a narrow 3_l-banf of titanium (above 5°K), and the

other of self-trapped electrons or polarons in a polaron band (below

5°K). The ionization energy of the polaron increases from _ 0.01 to

0.07 eV with increasing temperature, i)p_ (¢/__

.... ° ....... . ................



EI,EC'L'IU('kl, ANt) OP'I'TCI_L PltOi'i R'III"" OF
21415 ZnxCd, .xblb SOI.ID SOI,U IIONS.

L._toura6, J Tauc :_nd M Z:_vZ'tovA.

"Semiconductor Physi_'s" Conference, Prague, 1960 (see
Abstr. 21113 of 1962) p. 1091-4.

Measurements of electrical conductivity, Hall constant,
thermoelectric power and infrared absorption studied with polarized

radiation on slnt;le crystals CdSb and ZnxCd_.xb_ solid solutions are

reported and discussed. |'l_ b 7.-.

AD-296 688 Olv. 1_

(TISTK/OON) OTS price $1.60

Union Carbide Corp., Parma, Ohio.
THERMOELECTRIC MATERIALS.

Final rept., 28 Jan 59-28 July 60,
comp. by R. G. Breckenrldge. 15 Aug 60. 17p.
Incl. illus, tables.

(Contract NObs-77066. ProJ. NS 058-O01)

Unclassified report

DESCRIPTORSI WThermoelectriclty, aCrystals.
N|trldes. URare earth compounds, .Semlconduc-
tors. Generators, Carbon, Graphite. Thermal
conductivity. Theory, Halides, Alkali metal
compounds, Chemleal impurities. Boron. Deaslty_

Physical properties, Resistance, Temperature.
Electrical conductance. Hlgh temperature
research, Materials.

Contentst

Carbon and graphlte materials
Refractory nitrldes
Alkali metals in their fused hal/des

Crystal chemistry
Thermal conductivity
Theoretical studies

Development of prototype 9enerators

874 THE PREPARATION AND PROPERTIES OF AgTITe:
A NEW SEMICONDUCTOR. J. Black and E.Bankn.

"Semiconductor Physics" Conference, Prague, 1960 (see Abstr.

21113 of 1962) p. 1007-9.
Melting point data, metallographic examination :.'ld X-ray

powder patterns of sections of zone-refined ingots of composition
AgTITe indicated that this material was a ternary compound.
Electrical measurements showed that AgTITe was a p-type semi-

conductor with a high resistivity and a high thermoelectric power.

The temperature variation of resistivity for a purified sample

suggested a forbidden energy gap of about 0.65 eV. ./_/_ (/:;/-_

TIIE ELECTRICAL PROPEHTL_S OF CHROMIUM
t_ 23378 CARBIDES.

S. N .L' vov, V.F .Nemehenko, T.Ya .Kosolapov and G.V.Samsonov.

Fiz. Metallov i Metallovedenie (USSR), Vol. 11, No. 1, 143-5
(Jan., 1961). In Russian.

The electrical resistivity, Hall coefficient, thermoelectric

power, and temperature coefficient of resistivity of chromium and

three of Its carbides were measured at room temperature. With

increasing carbon content, the conduction mechanism changed from
being predominantly hole to electronic in origin. [English tranl-

latlon in: Physics of Metals and Metallography (GB), Vol. II,
No. I, 138-40 (1961; publ. Oct., 1961)J. _ P.A.Walker

¢'G_ _._-
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AD-294 668 0iV. 25. 17

(TISTM/SJR) O_S price $1.60

Merck and Co., Rahway, N. J.
STRUCTURAL INVESTIGATIONS IN THERMOELECTRIC
_TE21ALS.

Progress rept. no. 4, I Dec 60-31 Jan 61,

by P. I. Pollak, J. B. Corm and others.
31 Jan 61, 15p. incl. illus, tables.
(Contract N0bs-78503, ProJ. SR 010024)

Unclassified report

DESCRIPTORS: *Semiconductors, mAntlmony al-

loys, *Bismuth alloys. *Tellurium alloys.
*Electrical properties. Thermal conductivity.
Thermal diffusion, Mercury alloys, Selenium
alloys. Vanadium alloys, Metallurgy. Process-

ing, Crystal structure. Lattices, X-ray dif-
fraction analysis. Resistance, Thermo-

_lectricity.

Two further alloys in the system BiSbTe were in-

vestigated _a order to complete our evaluetlon
bracketing Alloy 68 compositions. The systems
selected were Bi28Sb_+xTe13_-x and Bi12SbVO+x

Te158-x. In general, the two alloys seem to fal!
in line chemically with Alloy 68 in that effects

of compositional changes on the electrical prop-
erties become minimized as the antimony conten_

of the alloy.increases. This is in llne with oar
concepts of poising. Introduction of selenlus
into the antimony-rich a11oy leads to an overall

degradation of the figure of merit. Investiga-
tions were continued in the analogous vansdiu8
alloy syste_ of Alloy 68. The compositions
.urned out to be nearly degenerate and further
work was discontinued. Substitution of arseele

for antimony wos carried out in an alloy system
patterned after AIIoy 68, but experimental dif-
ficulties have to date precluded any reasonable
results. Elimination of bismuth from this syst_n

leads to alloys in the series SbAsTe which have
proven to be p-type materials with low Seebech
coefficients. (Author) 25

VARIATIONS IN ELECTRICAL RESISTMTY AND23234
TIIERMO-ELECTROMOTIVE FORCE IN THE PROCESS

OF er _ _ TRANSFORMATION IN ALLOYED IRON.
M.E.Blanter and A.K.Mashkov.

Fiz. Metallov i Metallovedenie (USSR), Vol. II, No. 2, 194-202
(Feb., 1961}. In Russian.

The Fe-Cr system was studied in the composition range

4.32-12.63 at._ Cr, from room temperalure to i000eC. [English
translation in: Physics of Metals and Metallography (GB), Vol. I!,
No. 2, 41-8 (I961; publ. Nov., 1961)}.

INVESTIGATION OF THE KINETICS OF RECOV'ERY OF
• 23465 THE THERMO-ELECTROMOTIVE FORCE IN COLD-

DEFORMED IRON. V.l.lvanov and K.A.OsipOv.
Fiz. Metallov i Metallovedenie (USSR), Vol. II, No. 3, 360-'/
(March, 1961). In Russian.

An investigation was made ofcold-.leformed specimens of
various degrees of purity. Activation energies were obtained for
the prOce_a of recovery as a [unction of degree of deformation and

recovery. A maximum activation energy was found. [ English
translation in: Physics of Metals and Metallography (GB), Vol. 11,

NO. 3, 41-6 (1961; pubI. Nov. I961)1. _ '_2
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A0-286 098 Div. )0. 14
(_iSTM/EJ!I) OTS price $2.75

Stanford flesearch Inst., Menlo Park, Calif.
SURFACE TEMPERATURE MEASUREMENTS WITII TIIERMO-

ELECTRIC MATERIALS.
Final rept., I June 60-31 May 61.

Aug 62, 109p. incl. illus, tables, refs.
(Contract AF 33(616)7377. Proj. 1347)

(AS_ TR 61-J73)

Unclassified report

DESCRIPTORS: WThermocouples, mlligh temperature

research. Reliability, Instrumentation, Aero-
dynamic heating. Simulation. Surfaces. Tempera-

ture. Heat transfer, Thermal conductivity.
Noise. Vxbration. Cali_ration. Stability,
Materials. Nlre. Copper alloys. Nickel alloys,

Platinum alloys. Rhodium alloys. Chromium
alloys. Aluminum alloys. Bibliography. Coatings.

A study was made of the errors is surface-
temperature measurements made with a thermocouple
(TC). when both TC wires and surface are exposed

to radiant energy. The errors arise from the
net heat transfer at the TC junction, and the

quality ond stability (change in calibration)
of the TC materials. The response of surfnce
TC's to transient heating was studied. For •

single specimen thickness, transient response
is greater for large TC wire diameter during
the initial transient heating period but becomes

independent of TC wire diameter when the _eat
flux rate reaches steady state. The magnitude
of errors arising from instability, which is

independent of the quality of TC materials, de-
pends upon the exposure condition and duration.
The calibration of commercial thermocouples.

whether noble metal or base metal, will probably
change less than I F after exposure at less than
1000 F in air for 1000 hours. Failure of _C's

due to vibration at 40 cps and 2 to 39 accelera-
tion for up to 4 hours is unlikely up to tempera-

tures of about 1300 F. (Author) . ,, __

J INVESTIGATION OF THE TERNARY SEMICONDUCTOR

21155 COMPOUND PbBiSe_.

L.S.PaIatnLk, O.M.Konovalov, N._T.Gladkikh and V.N.Kolesnikov.

FiE. Metallov i Metallovedenie (USSR), Vol, 11, No. 5, 677-80

(May, 1961). In Russian.

Reports, inter alla,the composition dependence of the thermo-

e.m.[., the temperature dependence of the electricalresistivity,the

V-I characteristic of a point contact, and X-ray structure data.

[English translation in: Physics of Metals apd Metallography (GB),
Vol. 11, No. 4, 36-9 (1961; publ. Jan., 1962)|.

EXTE SIO OVT.E ,CZ for
12391

VACUUM BY THE THERMOELECTRICAL METHOD.

M.I.Korsunskil, R.I.Zalchlk and L.N.Lemblk.

Pribory I Tekh. Eksper. (USSR), 1961, No.3, 114-18 (May-June).
In Russian.

The hhermoelectrlcal method of measuring vacuum is based on

the dependence of the thermal conductivity of the gas on pressure.

By reducing the thermal conductivity c_ the manometer and its radi-

at.ionlosses, the relative importance of the main working processes

of the method--the heat transfer through the gaseous medlum--can

be increased. The thermal conductivity of the manometer was

reduced by the use of a thin-layer heater and thermopiles. The radi-

ation is reduced by spraying the heater with two metals and cooling

itby using the Peltler effect. The work shows thatthe application of

thin-layer manometers and the utilizationo/the Pelteir effect make

possible an increase of the range of the thermoelectxlcal method

into the hlgh-vacuum region, i.e.to about 5 to 6 x 10"*ram Fig.

[English translation in: Instrum. exper. Tech. (USA), No. 3p 52'/-30

(May-June, 19Ol;publ.Dec., 1961)J, _--_-/_ I;/1-1"--" 39



24058 (WCAP l,_,0) :'_" '.M, : , FCTItlC NUCLEAR

FUEL ELLM ENI QUAR'I_ _'LY I)R()GIt_SS REPORT.

APItIL-JUNK 1961. (_.'_ J,%'.hmhe Electric Corp. Atomlc

Power Dept.. Pittsburgh). july I0, 1961. Contract AT

(30-3)-500. 47p.

Uranium-bearing thermoelectric compounds are now be-

ing prepared by tantalum bomb melting and by the hydride

process. Tests of devices made up from these compounds

imiicate that the main fabrication problems are denslflea-

tion and contact bonding. Data from a hot-swaged pellet

and a swaged device of US= indicate some promise for that

compound. Improvements in techniques of thermoelectric

parameter measurements include programming of auto-

matic test data recording at desired Intervals around the

clock; increased accuracy and versatility of measurements

through use of a newly-constructed adjustable precision

resistor; and a method for measuring which should lead to

an experimental means for determining the thermoelectric
figure of merit, Z. Potential profile studies on PbTe pel-

lets are yielding important information on contact resist-

ance parameters. A fission-fired Lhermoe!eetrie genera-

tor is being prepared for the next In-pile test. (auth)_/._b_

24064 O:(:._P 1,_65) ftIEIIMOI-.I,I-_CTI{IC NUCLEAR

FUEl, }:LENTEN 1" _UAItTI- !fly I)i{OGRESS REPORT,

JULY-SEPTEMBER 1961. 6Vestinghouse I'leetrie Corp.

Atomic Power Dept., Pittsburgh). Oct. 10, 1961. Contract
AT(30-3)-500. 38p.

Samples of makeup compositions U_S_, UtSe3, U_Se$,

U_Te 4, and UTe z were prepared by solid-vapor reaction

process. In addition, the following samples were melted in

sealed tantalum bombs at the indicated temperatures:

UsSe4' 1800°C; UTez, 1480_C; U3Te4, 1430"C; and UTe,

1490"C. A U3S l sample was run to IS00"C in the 2500°C

high vacuum furnace, at which point the bomb failed, re-

sulting in severe damage to the tantalum furnace parts.

Thermoelectric properties of the above compounds indi-

cate their uses for thermoelectric fuel elements. The

theory and development of the Z-meter were described by
thermoelectric measurements. Thermoelectric measure-

ments were indicated for PbTe, BizTe , and USeTe. Radia-

tion effects studies on lead telluride elements "_ere com-

/pleted and reported. Design and fabrication'of nine PbTe

elements were evaluated. (N.W.R.) /_ t_ r b _,

AD-288 455 Die. 7. 14

(TISTM/ODN) OTS price $1.10

Electro-Optical Systems, Inc.. Pasadeall, Calif.
HIGH TEMPERATURE SEMICONDUCTING COMPOUNDS FOR
THERMOELECTRIC POWER GENERATION.

Bl-monthly progress rept. no. 4. 15 Juse-
15 Aug 61.
by C. B. Jordan. 30 Aug 61. 9p. (EOS rept. no.
1592-2U-4)
(Contract NObs-84_27)

Unclallsified report

DESCRIPTORS: wSemlconductors. *Power supplies.

Resistance, Intermetaili¢ compounds. Thorium
compounds. Sulfides, Selenldell. Uranium con-
pounds. Tellurldes. Thermoelectrlclty.

11294 (AD-277223) TH_MOELECTRICITY QUAR-

TERLY PROGRESS REPORT NO. 2, JULY I, 196t-OCTO-

BER I, 1961. (Westinghouse Electric Cot'p. Research

Labs., Pittsburgh). Contract NObs-84687. 61p.

An evaluation was made of the proposal that narrow band

semiconductors offer good possibilitiesas thermoelectric

elements. It is sho_ that Tz goes to zero as the b=ad

width goes to zero. Results of recent studies on the ther-

mal conductivity of the Ge-Sl alloys are discussed. Pres-

ent theory of latticethermal resistance is seen to be In

reasonable agreement with the experiment. Schrceder crlt-

icized the paper of Cosgrove, McHugh, and Tiller in which

they explained the variation of thermoelectric properties

with growth rate of Bi2Te _. It is pointed out that the criti-

cism is invalid. A discussion of the definitions of thermo-

electric effects. _ in non-linear junctions Is given. (auth}ty_._pd_3

:'6633 (AD-274831) TIIERMOELECTRIC MATERIALS.

Report No. 6. Final Report, January I, 1960-Septem-

ber 30, 1961. T.S. Shevlin, llenry E. Wenden, and S. R.

All Zaidi (Ohio State Univ. Research Foundation, Columbus).

Sept. 1961. Contract NObs-78254. 32p.

Difficulty was experienced in containing molten Na=O •

V204 • 5V20_, a highly corrosive fluid. The precision and

reproducibility of all results were very low. Na=O. VtO_ *

5V_O_ has a potential difference of 2500 pv/*C an referred

to platinum when oxygen is circulated over the hot ]unction

and the cold junction is sealed. _'nen air is circulated over

the hot junction and the cold junction is sealed, a maximum

potential difference of 700 #v/°C may be attained. As the

difference in temperature between hot and cold ju._tlons

is decreased, the potential difference increases, rising to

a maximum near a temperature difference of 40"C. A

reducing atmosphere over the hot junction reduces the

thermal emf, and, if sufficiently reducing, reverses tim

polarity; an oxidizing atmosphere raises the emf, all com-

pared with a neutral (lie) atmosphere. (autlO _t)/_ ,_:_

/14924 (AD-278451) THERMOELECTRIC MATERIALS.

BI-MontMy Progress Report No. 11, September l-

October 31, 1961. Merton H. Brooks (Titanium Alloy Mfg.

Div., National Lead Co., Niagara Falls, N.Y.). Contract
NObs-78326. 10p.

Preparation of CeC 1 ceramic materials with addltlon_ ¢d

YtO_, La_O_, and ,N_Ot is reported. Data on composition

and properties of these materials are tabulated, it was

found that although these bodies are not well slntered at

2900"F, they are badly over-fired at 3000*F. Sta.._Jard

ceramic bodies were also fabricated from pbh°olOt and

Pl_Nb2ot with additions of CdO, BilO_, Shoos, MoOt . anti
WO 3. Data on these materials are included. Results ob-

tained in electric conductivity and Seebeck coefficient

easurements on forty-two CeOl_base compositions are

so Included. (J.R.D.) t,_" ._ , _,
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l't,2J SINTERING TIIEORY ALD EFFECTS IN TIIE POWDER

",iETAI LURGY OF TItEItSIOET ECTRIC MATERIALS.
l{.Schr,-inerand F,Wendler.

UK Atomic Energy Authority AERE Transl.899, 26 pp. (Oct., 1961;

publ. 1962). English translation of article i.. Z. Metallk. (Germany),

Voi. 52, No.4, 218-28 (1961).

The production of thermoelectrlcal materials by powder metal-

lurgical methods depends mainly on the fabrication process.

Thermoelectrical properties are not o_dy influenced by.the material

and its compositiGn Izutmostly by its structure. Different powder

metallurgical fabrication methods for the production of sintered

semiconductors are described. Itis desirable to obtain the highest

possible sinter or finaldensity together with the optimum thermo-

electrical preterites. The influence of compacting pressure and

sintering temperature on sintering density was studied. Data are

presented which show possibilities of cold compacting the compound

Bi2Te_. The drop of density under certain working conditions is

discussed. _/_ _ i_._

Poluchenie I Issledovanle termoelektrieheskikh materlalov na

osnove BI-Sb-Te, A.D.GOLETSKAYA, V.A.KUTASOV° E.A.POPO-

VA. Fisika Tverdogo Tela v 3 n 10 Oct 1961 p 3002-8; see eiso

English translation in Soviet Physics, Solid State v 3 n I0 Apt
1962 p 2189-93. Production and investigationof thermoelectric

materials based on BI-Sb-Te; specimens were prepared by con-
trolled crystallization and investigated as thermocouple material;
maximum temperature difference of 70 C was obtained with hot

junction at 30 C. _-_- _ _...._

INVESTIGATION OF PLATINUM-MOLYBDENUM
• 2JbS0 #tLLOYS. H.Nishimura.

UK Atomic Energy Authority AERE Transl. Tb84 6pp. (Nov., 1961).

English translation of article in: J.Japan Metals Assoc., Vol. 22,

No. 8, 425-_, (195_).

Pt--Mo alloys were arc-melted in argon atmosphere. Their

melting temperatures were measured, and X-ray analyses and
microscopical study were carried out. From these results the
equilibrium diagram was constructed. This alloy system con-

sists of three kinds of solid phases, i.e. the Pt-rieh solid solution
0, a_ intermediate 13 corresponding to a Pt-Mo compound, and the

Mo-rich solid solution _,. The liquid,,s of ;9 phase shows a maximum
and on the Pt-side a peritectic reaction liquid ÷ j3 _ a occurs; on the
Mo-side there exists a euteetic reaction liquid _- _1 + )'. The

electric resistance of Pt-rteh alloys and the thermo-electromotive
forces of Pt-(Pt-Mo) alloys were measured. The thermo-electro-

motive force shows a maximum value at about 3.5_ Mo. .t3A (Q'L---

11295 (AD-277122) THERMOELECTRICITY QUAR-

TERLY PROGRESS REPORT NO. 4. SEPTEMBER 11.

1961-NOVEMBER II, 1961. iWestinghouse Electric Corp.

Research Labs., Pittsburgh). Contract NOhs-$4317. 228p.

Eight papers having a direct bearing on the thermoelec-

tric project are included. The role of Se vapor pressure in

the formation of Ag-doped MnSe was studied. The effects

of doping on the vapor pressure of a thermoelectric mate-

rial were investigated toward the solution of practical prob-

lems of thermocouple encapsulation. Preparations and

properties of some rare earth semiconductors and certain

mixed hydride-chalcogcnide rare earth compounds were

investigated. Directions are given for the preparation of

the optimuxnly doped thermoelectric material CeS 1.38 and

for many other rare earth compounds which were investi°

gated as possible thermoelectric elements. Solid solution

studies were made on some post-transition metal tellurides

of the rock-salt structural type and on electrical properties

of TtSbTe2-TtBiTe2 solid solutions. A technique for troll-

ing single crystals of volatile materials, a rotating sample

method for measuring the Hall mobility, and a steady-stats

comparative apparatus for measuring thermal conductivity

between 100 and 80O'C are described. (auth) Ki_ '_ _>)
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Lc;tfaehigkeit und liallkonstante--16. W.KOE3TER, %'.GMOEH-

LING. Zeit fuer Metallkunde v 52 n I1 Nov 1961 p 713-20. Electric

conductlvi:y, thermoelectric power, and IlaU effect of solid solu-

tions of nickel with its neighbor elements in Periodic System;
measurements determining effects of temperature and alloy con-

centratlon on these properties in Nl-rich solid solutions with

titanium, vanadium, chromium, and manganese; interpretation ¢_

results and of literature dais for other nickel alloy systems a_-

cording to band model 31 _'ef_ /_-,T " 6 _.L--

lMerrelation of Electronic Properties and Defect Equilibria in

PbTe, E,MILLER, K.KOMAREK. ].CADOFF. J Applied Physics v

32 n 11 Nov 1961 p 2457-65. Resistivity. Hail coL.fficient, and See-

beck coefficient of interest for use in thermoelectric generators

were investigated in range from 77tog00K; low temperature prop-
erties obtained agree with data reported in literature; for under-

standing trtermal energy gap obtained from hlghtemperaturemeas-

urements it is necessary to include carriers generated by defect
formation at elevated temperatures, both Schott.ky-Wagner and

Frenkel defects being presenL _:._ _ "Z...-

Summarized Proceedings of Corderence On Therm.mlectricity
Durham. July 1961, B.R.PAMPLIN. Brit J Applied l'hysics v 12

n 11 Nov 1961 p 592-4. Main features of presented papers; poten-

tial application of suitable materials to thermoelectric energy
conversion and thermoelectric refrigera_tion; detailed works on

semiconductors, individual compounds and alloys presented, t_:K(#'Z.

Measurement of Figure of Merit of Thermoelectric Material0 A.

E.BOWLEY, L.E.J.COWLES. G.J.WI LLIAMS. H.J.GOLDSMID. J Sol

Instruments v 38 n 11 Nov 1961 p 433-5. Apparatus described uses

only direct current and Is based on Harman's technique, in which

temperate re gradient is established by mea_s of Peltier effect; cor-

rections for radiative heat transfer take relatively simple form
at room temperature; figure of merit of thermoelectric material

can also be obtained by measuring maximum lowering of tempera-
ture using Peltier effect In junction between sample under test

and metal ¢'=_o

AN INVESTIGATION OF LI,Nit-,O AS MIXED-
7751

VALENCE THERMOELECTRIC MATERIAL.

JoC.Danko, G.R.Kilp and H.M.Ferraxl.

Solld-State Electronics (GB), Vol. 3, No.3-4, 233-8 (Nov.-Dec., 1961].

The mixed valence material, Lt. Ni__s O, was investigated as a

potential thermoelectric material. Measurements of the Seebeck

coefficient, a(t_ V/deg C), electrical resistivity, p (ft-cm), and ther-

mal conductivity, k(W/cm deg C) were made as a function of tempera-

lure and lithium concentration. The thermoelectric figure of merit.

Z (¢_2/pk}, reaches at value of approximately 1.4 x 10 "4 at ll00"C for

the composition Lto.otNto....O. _c_'lJ. /(( Z--"
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/23727 (WCAP-1703) FABRIC-VrlON OF TIIERMO-

ELECTRIC MATERIALS BY ROTARY SWAGING J.C.

Danko, R. C Goodspeed0 G. R. Kilp, and P V Mitchell

(Westinghouse Electric Corp. Atomic power Dept., pitts-

burgh). Dec. 1961. Contract AT(30-3)-500. 32p.

A powder metallurgy process for fabricating thermo-

electric materials into tubular eiemcnts by rotary swaging

is described. Results of swaging studies on n- and p-type

PbT¢ and BixGet_xTe are reported. Results are reported

on the measurements of electrical resistivity, Seebeck

coefficient, and thermal conductivity of n- and p-type PbTe

swaged annular elementS. The compatibility of lead tellu-
ride and bismuth germanium te!luride with a variety of

cladding materials is reported. Data are presented for

several combinations of thermoelectric and cladding ma-

terials as follows: representative photomicrographs of the

thermoelectric material-clad interface of swaged and heat

treated specimens, and reaction zone thickness values

plotted versus time at constant temperature. {auth)_/_)_j]_

l.ow-Tenqn'rature Thrr::tot'lectl'lc Po_,cr of lt:lr e°Earth "td_'tals.
ii.J.W.)itN, S.[.E(;VOI.I), I-'.ii.SI'EI)I)ING. J Applied PhyM(_; v 32

In t2 Dec 1961 p 2543-9. Secbcck coefficients (thermoelectric

iyowers) of )_trlum, lanthanum, anti II of rare earth._ have been
measured for temperature range 7 to 300 K; with exception of
samariunl sad ytterbium. TEP of metals are negative throughout
mo_t of temperature range covered, and, with same exception
TEP curves have about same slope near room temperature. 47
reis. ¢_- t (_

Low-temperature thermoelectric power of the
rare-earth metals. H. J. Born a.nd others.
blbllog diag J Ap l='hys 32 2543-9 D "61

• 14500 ELECTRIC PROPERTIES OF AMORPHOUS TELLURIUM
FILMS AND TIlE EFFECT OF IMPURITIES ON THE

CONDITIONS OF TIIEIR CRYSTALLIZATION.

In' $hi-duan' ['/'in Shih-tuan] and A.R.Regel'.

Fiz. Iverdogo Tela (USSR), Vol. 3, No. 12, 3614-20 (Dee., 1961).

In Russian. English translation in: Soviet Physics-Solid State
(USA), Vol. 3, No. 12, 262'/-31 (June, 1962}.

For abstract see Abstr. 8284 of 1962. _/J_ f (9

THERMOELECTRIC PROPERTIES OF MgtSi--MgsSn
, 14593 SOLID SOLUTIONS.

E.N.Nikitln, V.G.Bazanov and V.I.Tarasov.

Fiz. tverdogo Tcla (USSR), Vol. 3, No. 12, 3645-9 (Dec., 1961).
In Russian. English translation in: Soviet Physics--Solid State
(USA), Vol. 3, No. 12, 2648-51 (June, 1962).

For abstract see Abstr. 8453 of 1962. [3 _ '(_ 2..

JNew alloy generates more power: tP.ermo-
electric generators. 11 Iron Age 188:121 D T
"$1

Rot Probe Measures Semiconductor Thermoelectric Power, N.
BOBSON. Electronics v 34 n 49 Dec 8 1961 p 61-3. Temperature

stabilized probe determines thermoelectrlc power of semicon-

ductor samples without sample preparation or shaping; device

permits point measurement of Seebeck coefficient. _"/_ _ 7-.---

Continuous Casting of Thermoelectric Materials, R.J.HACH, M.
J.BRAU, T.S.BURKHALTER. Rev Sci Instruments v 32 n 12 Dec

1961 p 1341-3. Casting apparatus for producingthermoelectric ma-
terial rapidly, reliably, and In large quantities with minimum
amount of labor; bismuth telluride and alloys of BhTe3. SInTe_,
and BlzSe3 were cast In rods up to 70 In. in length; deviation of
thermoelectric properties throughout length of rods was less than

V14748 (AERE-Trans-S99) SINTERING THEORY AND

EFFECTS IN THE POWDER METALLURGY OF THERMO-

ELECTRIC MATERIALS. H. Schreiner and F. Wendler.

Translated by D. P. Donnelly (U.K.A.E.A. Atomic Energy

Research Establishment, Harwell, Berks, Eng.) from Z,

Metallk., 52: 218-28(1961). 29p.

Sintering force theories and the mechanisms respormible

for substance transport during sinterlng processes are

discussed. The vacancy diffusion mechanism must be con-

sidered when sinterlng theories are applied to semicon-

ductors. The production of thermoelectric materials by

powder metallurgical methods depends mainly on the

fabrication process. Thermoelectric properties are not

only influenced by the material and its composition but

mostly by its structure. Different powder metallurgical

fabrication methods for the production of slntered semi-

conductors are described. Itis desirable to obtain the

highest possible sinter or final density together with the

optimum thermoelectric properties. The influence of

compacting pressure and sintering temperature on sintering

density has been studied. Data are presented which show

pc3sibllities of cold compacting the compound BitTel. The
V

drop of density under certain working conditions Is dis-

cussed. (autb) /_J -_'A I{' ]
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15539 El ECTR1CAL AND THEH,MOEI,I.'CTRIC PROPERTIES

OF THIN COBALT LAYERS. F.Savornin.

"Thin Layers" Conference, Liege, 1961 (see Abstr. 13029 of 1963).

p. 69-'/6. In French.
The study was carried out in vacuum and in a proper enclosure

where the films had been preparated by thermal evaporation. The
spontaneous evolution showed a reductt(m of the electrical resis-
tance on certain rather thick films, but the phenomenon was

invcrsed lor thinner films; the passage from one type of evolution
to the other took place for films .alx_ut 100 ,_ thick. The first

heating irreversible curve R- f(T) looks like the one established

for iron by other authors. For a film of given "thickness" this
curve makes It possible to determine the value of the resistance of
a film having the same thickness, if it was condensed on a support

at a known temperature T. The thermoelectric power of the couple
eonstlttJted by an Ag thread and the thin Co film changes with

temperature and. when temperature is known, with the thickness
of the film. It Increases with thickness and approaches the value

obtained for the silver-massive cobalt couple. The results agree
with the theory of Justl et al. (1951) on the thermoelectric power

o,thinfI,ms.

° . o

Neu bestlmmte Grundwerte fuer die Thermopaerkombination Pt
30qoRh-Pt670Rh, W.OBROWSKI. W.PRINZ. Arehtv fuer da5 Elsen-
huettenwesen v 33 n 1 Jan 1962 p 1-4. Redetermlnatlon of calibra-
tion values of thermoelectric voltage for thermocouple combina-
tion* Pt30"_Rh-Ptff?vRh, called PtRhlS. between 0 and 1800 C; cor-
rections were made on basis of more than 2500 measurements at
fixed point temperatures; greatest changes In old values had to be
made at below 250. between 1250 and 1500, and above 1650 C.

t/'41665 SEMI-CONDUCTING DEVICE FOR Tile PRO-

DUCTION OF ELECTRICAL ENERGY. (to Telefunken

GmbllL French Patent 1,286,969. Jan. 29, 1962. Prior-

ity date Mar. 9, 1960, Germany.
A device designed for the production of electrical energy

consists of a semiconductor, in which a beta-emitter, such

as Ni 63 or Pd t°T, is im.orporated in the p-n junction. (NPO)

ItlGH TEMPERATURE TtiERMOCOUPLES IN THE
9236

ROVER PROGRAM.

A.R.Driesner, C.P.Kempter, C.E.Landahl, C.A.Linder and

T.E.Springear.
IRE Trans nuclear Set. (USA), Vol. NS-9, No. I, 247-52 (Jma., 1962).

[Proceedings of the International Symposium on Aerospace Nuclea,r
Propulsion, Las Vegas, Nevada (Oct., 1961)J.

Tungsten/tungsten-rhenium thermoeouples have been success°

fully used for various hydrogen gas temperature measurements la
the Kiwi-A reactors of the Rover nuclear propulsion programme.
The most useful combination has been tungsten coupled with •

tungsten-rhenium alloy containing 25e_ rhenium. This alloy
exl3ibits a solidus temperature over 3100°C, has considerably

more ductibility than tungsten, and gives an e.m.f, of about 40mV'
against tungsten at 2300_C. Four thermoeouples were used to

measure the temperature of exit gases in the KIwi-A3 test. All
four survived the test and gave similar readings, three M them
within 0-5_. Bare wire thermocouples ',viii probably be used it

an automatic control system o( exit gas temperatures in some

subsequent Rover tests. R.A.Bones
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/ A N _l'E _ h _¢_LArlNUM/'PLA3 INUM I_ilODIUM
' 9?37

TIIErtM_.COUPLE U_CERTAINTY. W.E Bostwick.

IRE Trar, : i,m'lear Set. (USA), Vol. NS-9, No.l, 253-9 (Jan., 1962).

[Proceediqgs.nf the International Symposium on Aerospace Nuclear

Propulsion, Las VegaS, Nevada (Oct., 1961)].

During the Tory II-A nuclear rocket programme tests were

made on eight samples selected at random from platinum/platinum-
rhodium thermocouples purchased for test use. Tests between 2000*

and 2400_F extended over a t2-week period during which the error
spread for all samples was about +. 10* F and was fairly constant.

As a result, extensive tests were carried out on thermocouples
m.'tnu[actured in different ways from different diameter wires. It

is concluded that the platinum/platinum-rhodlum thermocouple 18

not a satisfactory standard for this temperature range. Itis hoped

to extend the use el platinum resistance thermometers up to 2000*F.
R.A.Boae|

Thermo-Electrlc Proi.:rtles of Metals and Alloys as Functions
of Mechanical and Thermal Treatments. G.P.CIiATTEHJEE. J

Mines..Mr'tats & Fuels v 10 n ! Jan 1962 p 14-18. Wires of Mum °
inure, copper, nickel, brass and nlchrome were given stress re-
lieving anr,eal in vacuum and then cold drawn; their thermoelec-
tromottve forces against constantan were then measured and plotted
as function of cold deformation; wires were then heated In vacuum
at different temperatures for different times and their thermo-

electromotive forces measured; some investigations have been made
on effects of quenching and annealing on high carbon steel wires.

2984 THE PROBLEM OF BINDING FORCES IN TIlE CRYffTAL
LATTICE OF a°IRON, Fe-Cr AND Fe-Mn SOLID

SOLUTIONS. I.Kh.Varivoda.

Fiz. Metallov 1 Metallovedeqie {USSR), Vol.13, No. 1, 144-8

{Jan., 1962). In Russian. English translation in: Physics of Metals

znd Metallography {GB), Vol. 13, No. I, 129-31 (1962; publ.Sept.,
1982).

Fe-Cr and Fe-Mn alloys with up to 8-5 at. ,_of the second

constituent were prepared and the thermoelectric power of iron-

alloy couples and of annealed-alloy-cold dcf_ra_ed-alloy couples

were measured. The results are discussed in terms of the lattice

binding forces. H.Mykura.

L//--

__f6280 (AD-291456) T|IERMOELECTRIC .MATERIAL_

FOR POWER C()NVERSION. Quarterly Progress Report

No. 4 (Final}, February I, 1961-January 31, 1962. F.D.

Rest and E. F. ]3ockins, eds. (David Sarnoff Research

Center° Princeton. N.J.}. Feb. 15, 1962. Contract NOBS-

84660. 32p.

The thermal conductivity of heavily doped Ge-Si alloys

was found to I_., low enough that the thermoelectric fikmre

of merit was raised to usefully high values at elevated

temlx, raturcs. Methods _ere develop_,d for producing and

analyzing the alloys; their thermoeh, etrie prol_.,rties were

measured; and a po_er gent.rating thermoeouple was made

using Ge-St alloys as the n- and p-tylxe thermuelements.

The highest efficiency measured was 7.0t_. Preliminary

tests on segmented poxvt.rgenerating thermocouples con-

structed from tclluridt.s were "rise encouraging. Mat(,rials

research on metal trisilieides, rare earth sulfides, :rod

ternary compounds and alloys is also reported. Phase dia-

grams, thermoelectric properties, anti electric conductivity

are among the data included. (D.C.W.I h _P_ ' _ "_

14801 (AD-278452) THERMOELECTRIC MATE °

RIALS. Bi-Montldy Progress Report No. 12, Novem-

ber *..to December 31, 1961. (Titanium Alloy Mfg. Die.,

National Lead Co.. Niagara Falls, N.Y.). Jan. 15. 1962.

Contract NObs 78326. 14p.

Standard ceramic bodies of UO 1 additions to CeO t were

formed; Standard ceramic bodies of YCrOI with standard

series addition of TiOl CeO_. ZrO l were fabricated and

their pertinent ceramic properties tabulated. Standard

ceramic bodies with additions of SnO 2 to YCrO 3 were

formed as well as those of LaCrOl with additions of TiO 2,

CrOl. ZrO b and SnO 2. Temperature, Seebeck coefficient,

and resistivity values are tabulated for 47 compositions.

pbNblO I with 0.5 mole c_ BIzO _ had the largest negative

Seebeck coefficient, of moderate consistency with tempera-

ture, of any material thus far measured. Following this

and of the same general characteristic are: PbNbzO 6 plus

0.l mole/_ SblOs; PbNI_O6 plus 5.0 mole/_ Cd(>. and

P_O, plus 5.0 moieA CdO. (auth) ,_ _ _' (03

14._90 THERMOELECTROMOTIVE FORCE OF BISMUTH AND
BISMUTH-TELLURIUM ALLOYS.

D.V.Gitsu, G.A.Ivanov and AM.Popov.

Fiz. tverdogo Tcla (USSR), eel. 4, No. I, 22-8 (Jan., 1962).
In Russian.

It is shown that the thermoelectric force in pure, monoeryst_l-

line bismuth is highly anisotropic, floweret, the anisotro[_ de-

creases rapidly with the addition of tellurium and practically

vanishes in Bi--Te alloys with a tellurium content as large as
0.1 at.v. Absolute values of the thermoelectric coefficients al_o

decrease rapidly with _he addition of tellurium. The observed ex-

perimental results agree with theory. For anlsotropic semicon-

ductors, one can expect a large anisotropy el thermoelectric force

in the intrinsic conductivity range, whereas anlsotropy can be absent

in general in the extrinsic conductivity range. [English translaUoa

in: Soviet Physlcs--Solid State (USA)J. R.L.PoweU
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rllE!_','OEl I-:_" I lilt F-:(_'PEWFIFS OF Ill: re, m,._,.,
167._1 IN ftl" i_MI _|tA'FUItE }{AIqGE _'l'6_o_K

_ g Iorda.ishvdt az.d ILM.Tcakhbrot.

FIZ tverJ,,gJ Tela iIISSll), V.)I 4, No. ! 122-31 {Jan. I'J62L
In Russian.

The temperature depcr.dvnces of the electrical conductivity,
thermoelectric D_wer and the efficiency (for direct conversion of

heat into electricity) were im'esttgatcd on _flycrystals of the
Di:Te3-Bi:Sej solid solution system. Three carrier scattering

mechanisms are consMered and it is found that for scattering on
Impurity h)ns the mean tree path of carriers is proporliol:al to the

square root of their energy. The 80'.t BiaTe,-20'l. Bi,Se_ solid
solution, suitM)ly doped, is considered to be a promising material
for the negative branches of *hermocouples used in direct eonversior

of heat into electrical energy. [English translation in: Soviet
Physics--Solid State (USA)]. S.Chomet

• ...... - ° _a" ....... "

.., Thcrmoelectriclty and Electrical Resl_ti_,ity of Dilute Copper

Alloys of Chromium, Mang,'mese, Iron, and Cobalt at Low Temper-
atures, A.K.dEKSItUS. W.B.PEARSON, Can J physics v 40n 1 Jan
1962 p 91!t--ll2. Results _tre compared to similar measurements on

gold alloys; both thermoelectric and resistivity measurements have

been made for first time on s,'une alloys. 53 refs. _-.4 V (.. 2.1

Measurement of Thermal Dtffuslvity of Thermoelectric Ma-

terials. D.J.McNEILL. J Applied Physics v 33 n 2 Feb 1962 p 597-

600. Simple modification of Angstrom's classical method for de-

termination of thermal dlffusivlty of thermoelectric materials is
described; results of measurements at room temperature on lead

tellurlde are presented. _/_

Thermoelectric Materta!s Today, R.D.CARLTON. Marls in De-
sign Eng v 55 n I Jan 1962 p 79-82. Properties of lead tellurlde

alloys which appear to be best material now used for generators;

how they compare with other thermoelectric materials; cost fac-

tor; effect of temperature on properties; howperforma.nce is meas-

ured; 3 processing method: _cscribed; current uses. _'J'_;_

8703 THE MOBILITY AND EFFECTIVE MASS OF HOLES
IN GALLIUM ANTIMONIDE.

V.l.lvanov-Omskii, B.T.Kolomiets and Chzhou-Khuan [Chou-Huang].
Fiz. tverdogo Tela (USSR), Vol. 4, No. 2, 383-7 (Fee., 1962).
In Russiqn.

The electrical conductivity, Rail effect, and thermoelectric

power of _-type gallium antimomde with hole density el 1 4 x 10 r_ -
2 I -| ' "

- .7 x 10 em , were measured near room te7,;_ture. The hole
mobility due to thermal lattice vibrations and the effective mass of

holes were found. [English translation in: Soviet Physics--Solid
State (USA). Vol. 4, No. 2, 2"/6-9 (Aug., 1962)

_.Chomet

ANTIFERROMAGNETIC SEMICONDUCTORS WITH
18668 SMALL MOBILITY. l:_.L.Nagaev.

Fiz. tverdogo Tela (USSR), Vol. 4. No. 2, 413-23 (Feb., 1962).
In Russian.

In many antiferromagnetic semiconductors it has been shown
experimentally that the mobility of the carriers of current i$

small (less than 0. I cm: V -t see't), and that it grows exponentially
with rising temperature. The present paper contains a theoretical

(mathematical) investigation of the question of the production of the
activation energy of the mobility in such semiconductors. An

expression for their thermo-e.m.i, is obtained. [English trans-
lation in: Soviet Physics-Solid State (US#,), Voi. 4, No. 2, 300°6

(Aug., 1962)[. ,_n,N.Davy "

Inadequate m&terlals hinder wider use of
thermoelectric devices, A. 13. lqeild, jr.
il S A E J 70:41-5 F '62 . .

1Wew, thermoelectric material. 3. Hillier.
.,F.ra.nklln lnst J 273:172-4 F '62

/'_ b-r _ i: '(_ 7_

4957 PROBLEM OF TIIE THERMO-E.M.F. OF ALLOYS.

L.N.Petrova.

Fiz. Metallov I Metallovedenie (USSR), Vol. 13, No. 2, 173-9

(Feb,, 1962). In Russian. English translation in: Physics of Metals

and Metallography (GB), Vol. 13, No. 2, 16-21 (1962; publ. Nov., 1962).

The temperature dependence of the thermo-e.m.{, of ordering

alloys and the dependence of thermo-e.m.f, on composition for dis-
ordered alloy_ are considered. A fornmla is obtained which relatel
thermo-e.m.f, to the temperature and concentration coefficients of

electrical resistivity. There is an anomaly in the temperature

course of thermo-e.m.{, close to ordering point. Comparison with

experlment Is made for the alloys CuPt and CusAu. I_| _:"_
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ILdtfl_'_tern_ter|.dlen ¢_a,r dic thrrrnoeh:ktrl_ch_' huf'hlutll{ rind

_tr_m_erzeug, mg. F,.SA(;EI. .MeLdl v 16 n 2 F_'b 19F,2 p 87-'J6.

S_,mlc_l_ductor mattri._ _,_ for thermoeh_t'trlc c(_>ling, heating, and
£urreat gener:dion ;_t 20-1000 C; literature review ut_der main
he:ldhlgs of_basic prlrwlplcs; production of materials u'_rd; types
of thermoelectric re;aerials; prospect of further developments.
30 refs. L_- _ /_ 7.-_

J w

12550 THE INFLUENCE OF IIALOGEN DOPING ON TIIE
TIIEIL_,IOELECTItlC PROPERTIES OF THE SYSTEM

Bi=Te_.xSex . U.Birkholz and G,Haacke
Z Naturforsch. (Germany), Vol. lTa, No. 2, 161-5 (Feb., 1962).
InGerman.

TEe thermoelectric properties of the above system were investi-

gated in the range 0 _ x _ i.2 with CI, Br and I doped specimens

pr:pared from materials oi 99 099_ purity. In the composition

range considered the scatteri_g parameter r = 0. From measure-

ments ol thermoelectric pow,:,r and conductivity the quantity
(m/moW z Uki was determined, m is the effective mass of the
carriers and ;:kl the mubility in the non-degenerate case. (m/too) _/= x

_q<l falls with increasing x. For x > 0 it is smallest with iodine
doped materials. From the temperature dependence of conductivity

it can be deduced that the charge carriers are scattered by the
thermal lattice vibrations for x : O. For x > 0 there is additional

scattering at neutral dislocations. ._R.Parker
' _A lo7..

THE THEORY OF EXCITATION OF ELECTRONS

"-"21202 BY PHONONS IN RIIOMBOHEDRAL SEMICONDUCTORS.

V.L.Gurevich and Yu.A.Firsov.

Fiz. tverdogo Tela {USSR), Vol. 4, Nc_ 2, 530°7 {Feb. 19, 1962L

In Russian.

The excitation of electrons by phonons In rhombohedral semi-

conductors is investigated and the temperature dependence of the
resultant thermoelectric power is deterred.ned. It is shown that if
there is an accidental {i.e. not connected with crystal symmetry)

intersection of two branches of the phonon spectrum the thermo-
electric power is proportional to T "T/s. H there Is no such inter-
section then the thermoelectric power is proportional to T "s

perpendicular "._ the crystal axis and T "3 In T parallel to the axis.

[English translation in: Soviet Physicsz-SolldSiate (USA), Vol. 4,
No. 2, 385-90 (Aug., 1962)j. D.J.Huniley

SAMPLE tlOLDER FOR USE IN THE MEASUREMENT

6617 OF THERMOELECTRIC POWER OF THERMOELECTRIC

MATERIALS. J.F.Turco. J.Hickey and l.Bar--Gadda.

Rev. scl. Instrum. {USA), Vol. 33, No. 3,384-5 (March, 1962}.

When a thermoelectric material is heated at one end and the
other end kept at constant temperature, an EMF is developed actors

the ends of the material. This Is the Seebeck voltage 'E', _,,_d the
relation between this voltage, the thermoelectric power 'iT' and the

temperature dlflercnce across the sample ' ",v ' is given by the

equation E = oA'r. Therefore 'a' may be found from E and ,_,

measurements, In the sample holder, one end of the material is
heated and the temperature measured with a thermocouple whilst
the temperature of the other end Is kept constant in a Dewar flask.

The voltage drop across the sample Is measured with a potentlo-
meter. The accuracy of the method is * 5 mtcrovolts/degree C,

A dimensioned drawing is given. B.B.Austln _
_: _-#_,' i,_'
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_,'..,_' _r_e elcktrv !_,_kle svolstva tnh _t,tall!, he_kogo poitlpro-
w_,i._Lko.ogo soc'dinoJd_'_ C_Sino t,.gSrowt..!t,go t_, .:!_,'hn_':.:l prh_,e-
S}aml, 'Ya.A.UCOkl, F,.M,AVEItP._I.:,H, 'r,A M,XIt,',IbkKOVA. O.V,
MATVEEV. Fizika "r_erdog,; rein v 4 n 3 Mar 1952 p 615-171 see
also English l-anslatton In Soviet Physics, Solid State v 4 n 3 Sept
1962 p 448-50. _ome electrical properties of lntermetaillc semlcon-
ductlng compound Ccttsrn doped with various lmpm'ltl_'s; effect of
variouS Impurities on electrical conductivity, ltall coefficient, and

therm.t I g

Stud_,_4',,_,,_T_,,rmo-Electrle Phenomena In Relation to _rue-
rural _.i!_d'_L_._"_etals and Alloys, G.P.CilATTERJEE. J Mines,
Metals_'it,'"_'_vt_"v 1 _. n 3 Mar 1962 p 15-18. Experimental thermal
-emI studies of AI, Cu and NI revealed that changes In thermo-
emf force dE _th different amounts of cold reduction dR Is either
linear or parabolic function and, only In some eases, logaritl'mnle
function; rate of change of emf force with cold reduction (dE/diD
Is greater for alloys than for pure metals; dE/dR for AI, Cu and

Nt are tn increasing order. _.4T t_r"_l

THERMOELECTRIC PItOPERTIES OF BISMUTH--

6891 ANTIMONY ALLOYS. G.E.Smtth and R.Wolle.

J. appl. Phys. (USA), Vol.33, No.3, 841-6 (March, 1962).
The thermoelectric figure of merit (z),resistivity,and Seebeck

coefficientwere measured between 20" and 300*K on single crystals

of several alloys in the range from 1 to 4_ antimony inbismuth. These

materials are semimetals (0 to 5% antimony) or small-energy-gap

intrinsicsemiconductors (5 to 41_c antimony) and all are n-type: The

Se.ebeck coefficients and figures of merit are anlsotroplc, the larger

values being those measured parallel to the threefold symmetry axls.

In the 12,_ antimony alloy the larger z rises from 1-0 x 10"_/'K at

300*K to a maximum of 5.2 _, t0-S/'K at 80°K and falls rapidly at lower

temperatures. All of the alloys between 3 and 16% antimony have a
maximum z near 5 x 10"t/°K at a temperature between 70 ° and 100°K.

The 5% antimony alloy has the highest z at room temperature
(z = 1.8 x IO':/°K). In this material, the Seebeck coefficient Is prac°
tlcally constant (S = I10 _* 10 u V*/K) between 77 ° and 300°K and the i

ratio of the thermal to electrical conductlvities Is close to the theore°|
ileal Wtedemann--Franz ratio above 100"K. As a result, z Is inverself
proportional to the absolute temperature (zT = 0.52 _+0-05) between

100 ° and 300"K. In the 12% antimony alloy, $ rises from-110 _ V/'K
at 300°K to -220 uV/'K at 20*K. A specimen of this material, doped

with 0.01% lead, is p-type below 42°K. A qualitative explanation of

these results is given in terms of mixed conduction by electrons and

holes having properties similar to those in pure bismuth. The use of

these alloys (and semimetals in general) in thermoelectric refrlgera-.

tion at low temperatures is discussed. ,/2'qt !

REFERENCE TABLES FOR 40 PER CENT IRIDI_4-60-
7753

PER CENT RHODIUM VERSUS IRIDIUM THERMO°

COUPLES. G.F.Blackburn and Fal.Ca!dwell.

J. ires.Nat. Bur. Stand. (USA), Vol. 66C, No. 1, 1-12 (Jan.-March, 1962)

Initiallyvarious combinations of Ir-Rh were used before the main

tests on the 40/60 alloy over a temperature range of 0 - 2100"C. The I

e.m.f. Is 11.6 mV at 2100*C. The test apparatus Isdescribed, Includ-

ing a wlrewound furnace and an In block heated by induction and

measured under black-body conditions. Upper temperatures were

measured with an optical pyrometer. Many tables of detailed results

are given as well as graphs. E.H.W.Banner

18707 GALVANOMAGNETIC AND TitEILMOMAGNETIC
PROPERTIES OF P-TYPE INDIUM AItSENIDE.

N.V.Zotova and D.N.Nasledov.

Flz. tverdogo Tela (USSR)0 Vol. 4, No.._, 681-4 {March, 1962}.
In Russian. English translation In" Soviet Phystes-Sohd Slate

(USAI, VoI. 4, No. 3, 496-8 (Sept.,1962). XI

For abstract see AI)str. 16724 ol 196_. f/t} 6 '2.,,,.
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A IqON-STA fIONARY METIIOD FOIl MEASU!iEMENT OF

16693 TIIERMOELECTHIC AND l'ItEltl_L_LpROPERTIES OF

SEMICONDUCTORS- l.S.t.iske r.
lnzhen.-liz. Zh, (USSR), Vol. 5, No. 3, 58-64 (March, 1962).

In Russian.
The non-stationary method of simultaneous measurement of

thermoelectric and thermophyslcal characteristics ol semiconductor

materials Is considered. The expcrtmental set-up and certain

results of the Investigation are described. _3_ _,.
-.

TIIE 'rlIEI_MOELECTRIC POWER OF THE ACTINIDE

12552 METAI.S AT LOW' TEMPERATURES.

G.T Meaden and J.A.Lee.

Cryogenics (GB), Vol. 2, No. 3, 182 (March, 1962).

A preliminary report of thermoelectric power measurements

on the actinide metals thorium, uranium, neptunium and plutonium. •
between room temperature and 20°K. Large variations of thermo-

electric power with temperature were observed, In particular, it
peak was observed in the results for plutonium at 800K and changes
of sign were observed for neptunium and thorium. P.A.Walker

:0 z_

GALVANOMAGNETIC AND THERMOMAGNETIC

"16724 PROPERTIES OF P-TYPE [NDIU/vI AP,SENIDE.

N.V.Zotovit and D.N.NRsledov.

Fiz. tverdogo Tel_ (USSR), Vol. 4, No. 3, 681-4 (March, 1962).

In Russian.

The temperature dependences of the transverse Nernst--
Ettingshausen coefficient, of the hole mobility of and the. Hall

coelficient of p-type indium arsenide indicated that between 9S and
350°K scattering of carriers on impurity ions Is replaced by

scattering on phonorts. This transition to phonon ,.c.a_ttertng
occurred at lower temperatures in a sample with degenerate hole
gas than In purer samples. This Is the first time such behaviour
has been observed tn p-type material of Arab v composition.

Measurements of the thermoelectric power were used to calculate

the effective masses of holes and their temperature dependence.
lEngllsh translation in: Soviet Physics--Solid State (USA)].

_._ t{O._ChOmet

EFFECT OF PIIONON DRAG IN a.SiC CRYSTALS.
• 16q54 G.A.Lomakina and yu.A.Vodakov.

Ftz. tverdogo Te'la (USSR), Vol. 4, No..3,820-2 (March, 1962).

In Russian.
Measu resents at 20-600SK showed that phonon drag contributes

to the therm,,electrie power oi p- and n-type a-SiC. [Engllsh.trans-

lalign in" Sovwt Physics--_.qolid State (USA)I. s._nomel

Tht.rmo_Electrictty at Low Ten_peraturcs--9. Transition Metals

as Solute mad Solve,t, D.K.C.MacDONALD, W.B.PEARSON, i.M.

"rl;MPLEI(JN. Roy Soc-Proc Ser A v 266 n 1325 .M_r 6 1962p
101-4, Transition m_'tats tin tºartlcular Cr, .Mn, Fe, Co and NI} pre °
sent as solutes give rist' to h_ghly ;mt)ntalous thermoelectric powers
;tlzil unusual resistive behavior at very low temp_:ratures; experl-
n_t'nlal data on alloys of gold ;iS part'at metal; results compared

_lth theol'y; cxperl;nc,tal data are :llso presented on alloys ol
Pd and Pt, 3Y refs. _ I (o
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-VThermuelectrl,."'7"- Properties uf _)me Cerium Sulfhge Semicon-
ductors from 4' to 13000 K, F.M. RYAN, LN.GItFENIAFRG. F.I.

CAF, TER ILC, MII.I,ER. J Appl'_ed Physics v ,a3 o 3 M,tr 1962 p
864-8. Thermal conductivity. Secbeck coefficient, and re.qlstlvlty
were measured for series of slntered cerium sulfide compounds
of thorium phosphide stx-ucture; thermoelectric 'figure of merit*

Is given for one of samples and some remarks are made on corteZ.
duction mechanism In system. 6..._ ¢_' "

v 18599 SOME ELECTRICAL PROPERTIES OF THE INTER=
METALLIC SEMICONI)UCTING COMPOUND

Cd4Sb s ALLOYED WITH V/_RIOUS IMPURITIES.

Ya.A.Ugai, E.M Averbakh, T.A.Marshakova and O.V.Matveev.

Fiz. tverdogo Tela (USSR), Vol. 4, No. 3, 615-17 (March, 19521.

In. Russian. Fng!ish translation in: Soviet Physics--Eolid State
(USA). Vol. 4, No. 3,448-50 (Sept.,1962):

For absUact see Abstr. 16719 of 1962. [_) _ _ "'L-.-

2985 THE CHOICE OF THE OPTIMAL MODE OF OPERA'I:ION
OF A CASCADE THEILMOELECTRIC ELEMENT.

B.Ya.Moizhes, A.V.Petrov, yu.P.Shishkin and L.A.Kolomoets.

Zh. tekh. Fiz. (USSR), Voi.32, No.4, 461-'/2 (April, 1962).

In Russian. English translation in: Soviet Physics- Technical

Physics (USA), Vol.7, No.4, 336-44 (Oct., 19621.
A method Is given for calculating the efficiency of a thermo-

electric elemeut whose branches are composed of various

substances which have high thermoelectric powers over particular

temperature ranges. As an example, the complete design is given

of a thermoelectric element composed of semiconducting compounds.

For low temperatures, one uses alloys based on Bi_Tej, and for

higher temperatures alloys based on PbSe, with varying concentra-
tions of current carriers. When matching losses are taken into

account, the efIiciency of the thermocouple turns out to be 12.'/_

for a temperature range of 20"-700"C. ,_ l_ "_

• DETERMINATION OF TIlE EFFECTIVE MASS OF

21204 EI.ECTRONS IN InSb FROM THE MEASUREMENT

OF THERMOELECTRIC POWER IN STRONG MAGNETIC FIELDS

I.V.MocLan, Yu.N.Obraztsov and T.V.Smirnova.

Fiz. tverdogo Tela (USSR), Vol. 4, No. 4. I021-8 (April, 1952).

In Russian. English transla'.ionin: Soviet Physics-Solid State

(USA), Vol. 4, No. 4, 754-8 (Oct., 19{_2). "L.
For abstract see Abstr. 18757 of 1962. i_

14509 ELECTRONIC PROPERTIES OF POLYSULFUR
NITRIDE.

P.L.Kronick, H.Kaye, E.F.Chapman, S.B,Mainthia and M.B.Labes.

J. chem. Phys. tUSA), Vol. 36, No. 8, 2235-7(Aprll 15, 1962).

This polymer consists of alternating sulphur and nitrogen

atoms with conjugated double bonds and has a very low electrical

resistance. Some results on electrical a1_dthermal eonductlvities

and on the Secbcck coefficient are reported and discussed,

_j_ t_,1.H,N.V.Temper|ey 5O
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Unclassified report

Descriptors: WThermoelectricity. Mechanical
properties. Electrical properties. Germanium

compounds. Tellurides. Tellurium alloys. Silver

compounds. Antimony compounds. Antimony alloys.
Cobalt alloys, Selenides, Indiun alloys, Indium

compounds, Bismuth alloys. Powder alloys.
Electric terminals. Lead compounds. Tin,

Temperature. Deformation. Alloys.

Contents:

laterials development
Ge-Ag-Sb-Te alloys

CoSb(3-x-y)Te(x)Se(y) alloys

Sb-In-Te alloys

Contacting
A processing technique for bismuth doped lead-

tellurlde thermoelectric alloys

The effects of heavy deformation and annealing
on the electrical properties of Bi(2)Te(3)

The thermoelectric properties of CoSb(3)

Non-stoichlometry in some group IV tellurides

• o

EXPERIMENTAL INVESTIGATION OF THE
14591 INFLUENCE OF CHE},_SORPTION ON THE THERMO-

ELECTRIC POWER OF EVAPORATED METAL FIL},_.

K.Bl'qnsdorf and G.Lautz.

Z. Naturiorsch. (Germany), Vol. 17a, No. 4,339-45 (April, 1962).
In German.

The thermoelectric power and electrical resistance <g thin

evaporated Cu films were measured during the chemisorptlon c/

oxygen on the films. The results are consistent with a model
assuming electron transfer from the metal to the chemisorbed

oxygen. The increase in resistance and decrease in thermoelectric
power can be accounted for by a reduction in free electron density i _.
and no change in electron scattering mechanism is necessary. _'_l{l_

H .Mykura

THERMOELECTRIC PROPERTIES OF TELLUR|_rI_'AT

418760 LOW TEMPERATURES. l.N.Timchenko and S.S.Shal_.

Fiz. tverdogo Tela (USSR), Vol. 4, No. 4, 934-45 (April,1962).

In Russian. English translation in: Soviet Physics-Solid State
(USA), Vol. 4, No. 4, 685-92 (Oct., 1962). VT..-

For abstract see Abstr. 16765 of 1962. 1"11

TI{ERMOELECTRIC pROPERTIES OF TELLURIUM At"

16765 LOW TEMPERATURES. l.N.Timchenko and S.S.Shal_t.

Ftz. tverdt_gGTela (USSR), Vol. 4, No. 4,934-,15 (April, 196_-}.

In Russian,
Thcrwoeleetr_c properties of samples with various carrier

densities _ere studied with heat flowing along and at right angles

to the pri.c_pal crystal ;txis. The experimental results agree with
the theory ot thermoelectric power In a semiconductor with an

allowance ior phonon drag. [English translation in : Soviet

I_ysics-Sniid State (USA)]. S.Chomet 51



New Uses for Lead, S.W.TURNI';R0 B.A.FADER Indus ¢_ Eng Chem

v 54 n 4 Apr 1962 p 52 -_. Survey of uses includes s_,md and vibra-
tion, thermoelectrlcity, piezoelectricity, corroslon, ceramics,pig-
ments and paints; 3 general areas of usefulness have been found for
lead in field of sound and vibratlon--antlvibratlon mountings, sound

_rrters0 ._nd sound- and vibration-damping materials, _.g-_.L.

., DETERMINATION OF THE EFFECTIVE MASS OF

18"/5"/ ELECTRONS IN InSb FROM THE MEASUREMENT

OF THERMOELECTRIC POWER IN STRONG MAGNETIC FIELDS.

I.V.Mochan, Yu.N.Obraztsov and T.V.Smirnova.

Fiz. tverdogo TeLa (USSR), Vol. 4, No. 4 !021-8 (April, 1962).

In Russian.

A formula for thermoelectric power In high magnetic fields

is derived, allowing for arbitrary dependence of energy on
momentum for spherical zones.. It is shown that from thermo-

electric power measurements one can obtain the dependence of
energy on quaslmomentum. Measurements were made on n-lnSb
in the temperaturp range 90°-150°K and fields up to 9 kG, From

these an effective mass m* = (0.0143 ± 0.007) m, constant between
I0_ and 145°K is deduced, in good agreement walh values derived

from measurements of cyclotron resonance, Faraday effect, and
optical constants. [English translation in: Soviet Physics--SoUd

State (USA)|. * D.J,Huntiey

Thermoelectric Power of Ionic Crystals--2. Results for Potas-

sium Chloride. A.P,.ALLNATT, P.W.M.JACOBS. Roy Soc--Proc
Ser A v 267 n 1328 Apr 24 1962 p 31-44. Thermoelectric power of
single crystals of pure KCI and of KCI containing 107x10 -_ mole
fraction of strontium chloride has been measured in temperature
range 561 to 693 C, platinum electrodes being used; results for
pure KCI differ substantially from value reported by NiKitinskaya
and Murin (1955) and s.how much less experimental scatter. 22

ref& ES' _ _

ELECTRICAL AND THERMOELECTRIC PROPERTIES

23410 OF TlSe SINGLE CRYSTALS.

G.D.Guselnov, G.A.Akhundov and G.B.Abdullaev.

Fiz. tverdogo Tela (USSR), Vol. 4, No. 5, 1206-12 (May, 1962).

In Russian. English translation in: Soviet Physics--Solid State

(USA), Vol. 4, No. 5, 885-9 {Nov., 1962).

For abstract see Abstr. 18712 of 1962. f_ (o _ -

ELECTRICAL AND THERMOELECTRIC PROPERTIES

18712 OF TISe SINGLE CRYSTALS.

G.D.Guscinov, G.A.Akhundov and G.B.AbduIlaev,

Fiz. tverdogo Tela (USSR), Vol. 4, No. 5, 1206-12 (May, 1962),

In Russian.
The electrical conductivity, the H all coefficient and the thermo-

electric power were measured at tt0-570°K. The forbidden band

width, fls temperature coefficient, the effective carrier masses
and the rat_o of mobilities were determined, in high-resistivity

samples carrier drag by phonons was detected below I';O°K,

[Ent;llsh translation in: Soviet Physics--Solid State (USA)].
S.Chomet
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f
llzver_lon tler Th_.rmokr:,ft _,,,! ge_.J!:'_'rter, thormo*.lektrlschen

V,_,rk..,tufft,n. II.";CIIItF_INER. 1",_ '._,iV_ Mt.tlllv 16nS. gMay
1962 p 399-402, Septt)US'%R. ln,. :_1,,'" tthcrl:_! _ower in sintered
th_,rw,;,,.lectrlc m;tterhds..'_'rh,_ _f I_ ,ll_;,,t!,,_,,_de_llngwithp_a-
sihle :tdv.'tl_t l_es of i)r,_tu, h_g thermot'h, ctrlc semiconductors by
powder mut;dlurt,_y muthods rather th:m melUng. M:zy. Effectof lat-
tice dulcets in powder metal procc.,_ses. Sept. Experimental re-
suits obtained with compacted ._,d sintered Idsmuth teliurldes in
which either p_lrc I_L_Te3 was used or telluride do)s'd with 0.15_
Agl; in former, repeated inversion of thermalpo_er was obserVed
with increasing stntertng temperature. 27 refL E..._T /_.___

Theory of Electrical Properties of Liquid Metals--2. Polyvalent
Metals, C.C. BRADLEY. T.E. FABER. E.G, WILSON, J.M.ZIMAN.
Philosophical Mag v 7 n 77 May 1962 p 865-87. Electronic proper-
ties of liquid polyvalent metals investigatedin relation tonearly-

free-electron model; thermoelectric power has been measured for

Zn, Cd. Hg, In, S_, Pb, Bi, and can be made to fittheory ifItis
assumed that in few metals _espcciatty l.l_scattering cross sec-
tion of each atom depends on enert_v of electron; temperature-
dependence of resistivity can also be explained by model 3_t refs.

1729 THERMOELECTRIC EMISSION OF IONIC SEMI-

CONDUCTORS IN STRONG FIELDS.
K.B.Tolp_go and G.V.Chaika.

Fiz. tverdogo Tela (USSR), Vol. 4, No. 5, 1146-53 {May, 1962). In

Russian. English translation b_:Soviet Physic - Solid State (USA), -
Vol. 4,No. 5, 845-9 (Nov., 1962).

For abstract see Abstr. 12227 of 1962. _ _--Pt I _)

J1449._ THE ELECTRICAL RESISTANCE OF THIN FILMS
OF SILVER AND THE THERMOELECTRIC POWER

OF A COUPLE BULK SILVER/SILVER FILM.

F.Savornin, J.Savornin and A.Donnadieu.

C.R. Acad. Sci. (France), Vol. 254, No. 19, 3348-50 (May 7,1962).

In French.

A note on the results of deposition on glass, silica and mica.
It is shown that the thermoelectric power of a couple between the

bulk metal and the same thin metal must always be negative.
T.C .Toye
t"_ , _o't--

14592 MEASUREMENTS OF THE ROOM TEMPERATUR I_
TIiERMOELECTRIC PARAMETERS OF LEAD

TELLURIDE. G .W.Johnson.

J. Electronics and Control (GB), Vol. 12, No. 5,421-32

(May, 1962).
A modification o! the technique suggested by H_rinckx and

Monfils was used to measure the room temperature thermoelectric

parameters of single crystM n and p-type lead tellurlde over a range

of carrier concentrations. The Seebeck coefficient o, electrical

conductivity J (ohm -t cm*t), and thermal conductivity K are

related by the empirical equations:

o n=717 - 181 Iog_n_,V/deg, 500._,n-_ 6000,

ap=702-1871ogoppWdeg, 200._p< 1700,

K=0.020* 5x 10 "sJ watt cm "tdeg "t.

N-type material has a ma>:imum figure of merit at room tevnpera-
ture of 1.1 x 10-_ deg "t when #n = 750 and p-type of I x lO'Sdeg ''

when @p = 550. Comparison of the results with theory suggests that
the charge carriers are scattered by the acoustical modes of
vibration of the lattice aJ_dthat the effective mass ratio is 0,25

for electrons and 0.35 for holes. Consistency between the theoretical
calculations o! Sccbcck coefliclent and thermal conductivity can be

obtained if it is assumed that the lattice thermal conductivity is

reduced by the addition of dr.ping elements. A typical reduction

is 20_ for an addltion of 0.2 at.¢ of lndine atoms, f)#_' _ "Z-
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I Till'; '.:FI-ECT OF TIlE MARTEN_ITIV I !(A_FOR_IA-
12551

TION IN e('_l UM ON FIlE I'IIEI(,'dt)ELk? FRIC POWER.

J. Adler ,dS.B.Wooo$

Canad J Ph:,s. "re! 40 No. 5, 550 _!'qay, 1962)
When sodium in ('_)oled, its cry:,la'. ,,irueture partially changes

by martensilic transformation from b.t .c. to close-packed hexagonal

below about 40°K. Reversion does not begin until the temperature

/is raised above about 45"K, so there is a small temperature range

in which sodium may ct)nSlStS (if either pure b.c.c, or mixed phases,
Using results obtained by Dugdale al,d Gugan, tt is possible to

estimate the am()unt of hexagonal phase present tn the mixed
samples from electrical resistance |lTi('asurt.nlclfls. The thermo-

electric power was measured at 43°K I,)r .-,pcciniens of b.c.e, sodium

and for partially transformed sodium whose comlxJsltlon was thus
known. From these measurements the thermoelectric power olpure
hexagonal sodium is estimated to be 10 _ smaller than that of eubl¢

sodium at 43°K. The distribution of the phasesmtheparttally

transformed material Is represented by two different models and
this result is found to be in'sensitive '..-"which Is used. A brief

description of the experimental apparatus Is given and some

theoretical implications of the results are considered.

12549 TItERMOELECTRIC FIGURE OF MERIT OF TWO-
BAND SEMICONDUCTORS. R.Slmon.

J. appl. Phys. (USA), Vol. 33, No. 5, 1830-41 (May, 1962).
The locus of points on the (q,K/_ T) plane for a two-band

(electrons and holes) semiconductor as the concentration of doping
agent is changed, is a curve that forms a closed loop, where (/ is

the Seebeck coefficient, ,, ',b.e thermal conductivity, j the electrical
conductivity, and T the absolule temperature. The value of the

dimensionless thermoelectric figure of merit ZT = a2/(_/qT) has,
in general two maxima on this loop, elther t,r both of whose

values are determinable, in principle, from measurements of at K,
and Jon a few specimens with different amounts of doping. The

shape and size of the loop and its position on the (a,K/o'T) plane
depend upon the values of two dimensionless material parameters of
the Chasnmr and Stratton (Abstr. 4374 of 1960) type, one for each
hand, the scattering parameters for the charge carriers in each
band, and the value of the band gap in kT units. The effects of these

parameters on the values of the ZT maxima are considered and
approximate empirical relationships for Z(max)T as a function of
these parameters are developed to aid in the quantitative evaluation

0f these effects. The relationships between these parameters and
the pertinent l:hysical properties of the material are discussed
from the viewpoints of the requirements for improved thermoelectric

materials and of the possible existence of an upper limit to the

theTmoelectric figure of merit. /_/r_ ( _'_.._

1451:19 DEPENDENCE OF Tile TIIERMOELECTRIC FIG_
OF MERIT ON ENERGY BANDWIDTH.

R.C.Miller, R.R.Heikes and A.E.Fein.

J. appl. Phys. (USA), Vol. 33. No. 6, 1928-:12 (June, 1962).

The thermoelectric figure of merit Tz ofa semiconductor is
calculated as a function of the width el the conduction band. It Is

found that Tz approaches zero as the bandwidth goes to zero. The
existence of an optimum bandwidth Is established; however, the

magnitude cannot be ascertained on the basis of the simple model

used here. ?_ '[-'2¢k9

THERMOELECTRIC EFFECTS AND THEIR

14447 APPLICATIONS. M.Rodot.

Onde elect. (France), Voi.42, 507-16 (June, 1962). In French.

The use of semiconductors for thermoelectric generators and

refrigerators is discussed. The general principles are outlined and

expressions are derived for optlmum output and efficiency, with

numerical examples. Constructional problems are considered briefly
and the choice of suitable semiconductors is discussed in relation to

the ideal physical propertle% L.M.Roberts
t2_ta , {,'z- 54
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SOLID SOLUTIONS.

Quarterly rept. no. At 1 Apr-_O June 62.

by W. T. Hicks and H. ¥aldsanr. 30 July 62.
32p. illus.
(Contract NObs-84824, ProS. SR-007-I_-01)

Unclassified report

DESCRIPTORS= "Thermoelectriclty, "Resistance,

UThermal conductivity, "Tungsten, UAntimony,
USelenium alloys, "Tellurium alloys,

mlntermetallic compounds.

Seebeck coefficient, resistivity and thermal

conductivity measurements were performed on
tantalum-doped WSe2-type compositions containing
mixed anions end/or cations; for example.

WO.47MoO.4?TaO.O6SeTe. Such compositions had
much lower thermal coaductivitles at room tem-

perature than their less complex counterparts.
but this advantage did _ot result In improved

Figures of Merit. partly because electrical
properties were inferior and partly because

their hlgh-temperature thermal conductivltfea
approached that of WSe2. The tungsten-selenium-
antimony phase diagram wasfound to contain uo
ternary phases of thermoelectric interest.

Tantalum-doped tungsten dfselenide thermoelementa
sealed In standard ceramic capsules were ex-

posed to hot-end temperatures of 9_0 C for
several hours w!_hout deterioration. Measure-
ment of the thermoelectric parameters of NbSlGe
in the 1000-1500 C range is in progress.

(Author) /__

e

23400 SEMICONDUCTI_G PROPERTIES OF LAITYHANO°
COBALTITE. P.Gerthsen and K.H.H_rdtl.

Z. Naturforsch. (Germany), Vol. 17a, No. 6, 514-21 (June, 1962).
InGerman.

Reports measurements of thermoelectric power, conductivity

and Hall effect on samples of LaCoO_, doped with either Sr or Th,
from 770 to 500°K. ResulLs are interpreted on the basis of the model
of the "sm_ll polaron"; that is, the transport properties are deter*

mined by hopping of the carriers between neighbouring localized

levels, in this case 3d-levels. L.Plncherle

SOME PROPERTIES OF $EMICONI)UCTIIqG
23370 COMPOUNDS OF Ax_zvyvI_s_ _3 TYPE.

L.S.Palxtntk, V.MKoshkin, L P G_l'chinetskll, V.I.Kolesnikov and
Yu.F.Komnik.

Fit. tverdogo TeL_ (USSR), Vol 4, No. 6, 1430-I (June, 1962}.
In Russian.

The electrical conductivity and the thern:oelectric power were
studied for compounds of sxnzvvvx_2_ -_, type, where Az is Cu, B r¢ is Ge
or Sn, and X w is S, Se or Te. For some of these compounds the

Hall coefficients, hole mobilities and carrier densities at room

temperature were found, and estimates of the energy gap were

obtained. The electrical properties are related to some details of
chemical structure. [English translation in: Soviet Physics--

Solid State (USA)]. ,_ S.Chomet

%
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THERMA.L CO?_t)UCTIVITY OF CAI)MIUM AN'IIMONIDE.

2.0949 I.M.Pilat, LI Anatychuk and A,V.Lyubchenko

Flz. tverdogo Tela (USS/1), Vol. 4, No. 6, 1649-M (June, 196_.)
In Russian..

The temperature dependences of the therwal conductivity,
electrical conductivity, thermoelectric power a,d the l{all coefficient

of polycryost:xllineand monocryst,'tlline CdSb samples were studied
at 77-420 K. The temperature dependence o! the thernal conductivity
of monocrystals at high temperatures indicated transport of heat
by electromagnetic radiation. [English translation In: Soviet

Physics--Solid State (USA)]. S.Chomet
t:J_ , {o'z-_

Thermoelectrlcity" Rnd resistivity of' DYI'Itl
from 1Renlson l_ell and Mt I_[schoff. Ta._-
rnanla. P. A. }{ill ttnd I{. Green. btbllo¢
nt&D dia_ F.con Geol 5T:579-86 Je '62

/
J4|550 (MND-2739) .METALLIC TIIERMOELECTRIC

ELEMENTS. Final Report. William E. Kortler (Martin

Co. Nuclear Die., Baltimore). June 1962. Contract

AT(30-I)-2839. 65p.

Work on metallic-alloy thermoelements is described.

The electrical and thermal characteristics of metallic

thermoelements with thermal barriers were compared
_ith the characteristics of elements without thermal bar-

riers. The use of the thermal barrier configuration tit

these metallic thermoelectric elements apparently resulted

in a masked improvement in the performance of the gener-

ator subassembly. The reason for this apparent Improv_.-

ment was that the ratio of element length to element area in

the elements without thermal barriers was far from opti-

mum. Adoption of the barrier principle permitted the

length-to-area ratio to approach, but not reach, an opti-

mum. The diminution of the thermal conductance of a strip

of thermoelectric alloy caused by the imposition of a

thermal barrier was of the same order of magnitude as the

decrease in its electrical conductance. Thermal barriers

had no effect on Seebeck voltages. B was concluded that

introducing the thermal harrier cannot result funhigher

conversion efficiency. No mechanism was founa to lead to

an increase in the figure of merit of thermoelectric ma-

terials as a result of the imposition of thermal barriers.

(M.C.G.) /U_B f_'_

STUDY OF THE BAND STRUCTURE OF TELLURIUM

16628 BY TRANSPORT PHENOMENA. C.Rigaux.

J. Phys. Chem. Solids (GB), Vol. 23, 805-1T (June, 1962). In French.

Galvanomagnetic and thermoelectric effects were measured
on extrinsic tellurium with bismuth-doped samples between T7 ° and

250 ° K. The experimental results are quantitatively interpreted b?/a
twelve-ellipsold model for the constant energy surfaces el the

valence band. The principal effective masses and the angular

orientation of ellipsoids in the Brillouin zone are determined. In

the intrinsic range, the second Hall and $eebeck reversals are

explained by the existence of two conduction bands separated by an

ener_ of_bout0.36ev. p _, _,

ANO_L_LOUS SEEBECK EFFECT IN SEMICONDUCTORS

16"/60 P.C.Newman.

Prec. Phys. Soc. (GB), Vol. 79, Pt 6, 1299-1300 (June, 1962}.

An anomalous Seebeck effect in semiconductors may arise

from U,e increasing formation of imperfections, either donors or

accepters, with temperature. A model is proposed which indicates

two possible anomalous effects: the activation energy for the carrier

concentrattor,can be greater than half the forbidden energy gap in a

certain temperature range; and the thermoelectric power can be off

opposite sign to the Hall coefflcie_t, and can increase quite
strongly wtth increasing temperature. Semiconductors In which
either or both of these anomalies have been observed are
enumerated. ,I.B.Blrks



.' ,,FCK FVF '..:['IN Mg_Si _'i"_GL_.' f{Y _'rALS.
I_?,al M W.Itelter ar:dG.C.Danielson.

J. Ph_ Cho_v S-. !_ ((;'.'.._, _ 23 601.I0 (June, 1962).

The Se_:beck e,-dficLcnt.'._i;_ort_oe[ectri¢[_)wers},resiMivitles

and Hall coefficients of Mg_Si _ingle cr_'_talswere measured from

./oto 1000°K. At low temperatures, the mat;nitude of the Seebcck

coefficient showed a pronounced ma._imum which is interpreted in

terms of the phonon drag effect. Both n-type and p-type crystals

exhibited this etfect. The magnitude of the phonon contribution to
the Seebeek coefficientwas found to be proportional to T -_'eat

temperatures above the boundary scattering range. In the intrinsic

temperature range (650°K to 1000 °K_, the Seebeck coefiicicnts of
the n-type samples were proportional to I/T and implied a ratio o!

electron to hole mobility of about 3.5. The densitY-of-states

effective mass parameters were calculated both from data in the
extrinsic temperature range (200 _ to 300"K) and from data in the

intrinsic temperature range. Consistent results of m n = 0.5 me and

!lmp = 2m o were obtained if I! was assumed that optical mode scatterln[
predo nlnated in the pure n-type samples above 200°K, but that

optical mode scattering and ionized impurity scattering were
comparable in the doped p-type samples between 2000 and 300OK. _

THE THERMOELECTRIC PROPERTIES OF
JIST59 AgSbTea--AgBiTea,--PbTe AND-SnTe SYSTEMS.

T.Ono, T:Ta_,ah_,ma and T.Irle.

J. Phys. Soc. Japan, Vol. IV, No. 6, I070-I (June, 1962).

The electrical conductivity, thermoelectric power and latttc_

conductivity for AgSbTe_-AgBiTe2, AgSbTe_--PbTe and

AgSbTez-SnTe were measured on samples with varying proportions

of the two constituents, and some results are presented.
B.R.Hoteman

CONDUCTIVITY AND THERMOELECTRIC POWER OF

98698 SAMPLES OF CADMIUM OXIDE.

Y.Colln and C.Fourrier.
C.R. Acad. Sci. (France), Vol 254, No. 26, 4453-5 (June 25, 1962).

In French.
The thermoelectric power and electrical conductivity of samples

of compressed CdO powder were measured over the temperature

range 80°-400°K. The results indicate a degenerate n-type semi-
conductor in which the diffusion of conduction electrons occurs via

npurities or excess interstitial Cd. J.Holt

1V3 BizTe3-Sb2Tej ALLOYS WITH ADDED TELLURIUM.

AND SELENIUM. J.Rupprecht.
Z. Naturforsch. (Germany). Vol. 17a, No. 7, 628-9 (July, 1962).
In German.

These alloys were studied for their suitability for thermo-

electric refrigeration. Basic alloys in the composition range

73 tool.% Sb2Te_-27 tool.% Bi2Te3 to 80 mol._ Sb2Tej-20 mol._
Bla Te_ with 2 to 8 wt.% Te and Se amounting to hal/to $t"of the

excess Te added were considered the mo_t suitable. H.Mykura

0 termoelektrodvizhushchei slle v vlsmute ! v ego spl-avzkh
s tellurom. D.V.GITSU, G.A.IVANOV, A.M.POPOV. Flzika Tver-
dogo Tela v 4 n 1 Jan 1962 p 22-8; sce also E'ngllsh translation
In Soviet Physics. Solid State v 4 n l July 1962 p 15-19. On ther°
moclectromotive force in bismuth and bismuth-tellurium alloys;
It Is shown that in pure bismuth thermo-emf hall large anlsot-
ropy, which fails sharply with addition of Te and practically din°
appears In BI-Te alloys containing more than 0,1 at'% Te; thhl Ill
in agreement with theory; in snlsotroplc semiconductors sailor°
ropy of thermo-end Is to be expected In region o_ Intrln,qo ooa°
ductivity and not In reldon of lmouritv conductivity, _-_'_ [,

57



• PllV ?;' :irtA OF (TH/d_GI'; ,AND !_._:Ar TILAI,:' _OI{T
23:V.)8 IN t_ i','t'F; INDIUM AR_;ENIDI-'Ai LOW FEMi)I-,IL_-

TUR F2,;. S S.Sha i_.
Flz. tv,..rdoBo rel.t (US$1i), Vol. 4, No. 7, 1915-27 (July, 1962).
In Russian.

To fin,i the mechanism of electron scattering at 77OK in •

sample with an electron den._ity of 3 x 10 ta cm -a the following
properties were studied: electrical conductivity, Hall effect,
n'at,metorcsistance, thermoelectric power, and Nernst-Ettingshausen

effects. Heat conJuctionand thermoelectric power wereinvestl-
g'ated oetween 2-5°K and 100°K. Tile effects of geometrical shape

of samples on magnetoreslstance and n_agnetothermo-e.m.f, were
compared. [English translation in: Soviet Pt_yslcs -- Solid State

(USA)]. S.Chomet

t eat '6,'_

tD-404 613 Day. 25, 4, 7

(TISTM/PCR) OTS price $1;10

Stanford Research Inst., Menlo Park. Callf,

THERMOELECTRIC M_TERI_LS.
Bimonthly progress rept. no. 20. I Ma$-1 ffslT 62.

by J. W. Johnson. 17 July 62. 4P.
Contract N0bs?701?. SRI ProJ. SU2681

Unclassified report

Descrlptors: mThermoelectrlcity. Therssl

conductivity. Electrical properties. Copper
compounds, Sulfides, Tellurldes. Resistance

(Electrical), Test methods, High temperatgre

research. Mixtures. Tables. Materials. /_

/AD-405 621 Dlv. 7, 17, 25

(TISTM/PCR) OTS price $5.60

Servomechanisms, Inc.. Goleta, Calif.
(No title).
Final rept.
July 62, 51p.
Contract NObs86367,'ProJ. SRO0? 12 O1

Unclassified report

Descriptors: eThermoelectrlcity, Encapsulation.
Tests. Pressure, Thermal stresses, Shock (Me-
chanics). Fracture (Mechanics). Thermal expan-
sion. Materials. Lead compounds, Tellurides,
Semiconductors, Life expectancy, Compatibility,
Sintering. Heat treatment. Compressive prop-
erties, Design, Manufacturing methods.

A study was made of one method of thermoelectric
applicatloq technique. Specifically, the work
involved fabrication and test to investigate a
method of structural encapsulation of washer-

"shaped tbermoelectrlc elements under pressure.
One goai of the program was to verify preliminary
evidence that thermoelectric elements are free
from formation of mechanical cracks due to thermal
shock, high thermal gradients, or thermal ex-
pansion problems when the thermoelectric material
is held beyond its compressive yield strength.
Thus, short path-length elements may be used
with high thermal gradie.ts, resu!ting in high
electrical yield per kilogram of thermoelectric
material with low degradation over long operating

life. (Author) i_3

_27854 (MND-2584-4) RADIOISOTOPE SEMICON-

DUCTOR AND THERMOELEMENT RESEARCH AND DE-

VELOPMENT. Final Technical Report. February 13.

1961-July 17, 1962. N.G. Asbed (Martin-Marietta Corp.

Aerospace Dlv., Baltimore). Contract AT(30-1}-2698.
74p.

A description is given of work in support of the concept

that a radioisotope can be made an integral part of the

thermoelectric arm of a generator and that the decay en-

ergy of the emitted particles can be converted to electric-

Ity by direct conversion. In particular, n-t}1_e strontium

and cerium tltanates were prepared to house stronUum-90

and cerium-144, respectively. The blend cons/sUng of

SrTiO l (+20-wt q_ Fe) +20-wt q_ CeTIO_ has an average fig-

urn of merit of 1.9 x I0-4.C -I bet_,een 200 and II00"C; the

corresponding thermoelectric conversion efficiency is ~4q_.

Strontium tftanate was prepared by reacting strontium

carbonate and titanium dioxide in air. The addition of 20-

wt _ pyrophorle iron and the subsequent reduction in dry

hydrogen at 1475"C rendered the tltanate Into an n-type
semiconductor with a thermoelectric figure of merit of

I.I x I0 "4 per degree centigrade at 600"C. This material

withstands temperatures to 1200"C in the absence of oxy-

gen, without a deterioration of Its thermoelectric proper-

Ues. The material is mechanically strong and hard.

Cerium titanate was prepared for the first time by a proc-

ess similar to the one used to make semlconducting stron-

tium tltanate, and was shown to have the formula CeTiOt.

A thermoelectric arm of iron-dcped strontium titanate was

prepared, with 20 curies of strontium-90 concentrated as

an ingredient of the thermoelectric material at one end.

This device had an open-circuit end' of 1.20 millivolt, and

delivered 0.48 microwatt to a matched load. A program for

the IBM 7090 computer was modified to permit optimization

of a thermoelectric arm, of varying composition, which

contains an internal heat source. (auth) _J_B tfo "_



541 TIIEORETICAL CONSIDERATIONS Wl'll-I RESPECT TO
TIlE DEFINITION OF THE ELECTROLYTIC PELTIER

EFFECT. Y.Thouvenin.

C. R. Acad. Sci. {France), Vol. 255, No. 4, 674-6 {July 23, 1962).
In French.

After consideration of the historical definition of the Peltler
effect, .an up-to-date version is given as the amount of heat involved

at an isothermal junction of two phases traversed by an electric

current when the irreversibility of the phenomenon Is negligible.
In the particular ease of an electrochemical system, It Is the
quantily of heat liberated by the reversible passage of a mole of

the electroactive ion from one phase to the other [el. ibid., Vol. 25,
No. 7, 959 (Aug. 17, 1960)]. H.H.Hodgson

ELECTRICAL PROPERTIES OF HEAVILY DOPED
"/16729 NIOBIUM PENTOXIDE. R.Vallettt.

J.chem. Phys. (USA), Vol. 37, No. I, 67-71 (July I, 1962).

An analysis of the resistivity and thermoelectric power

heavily doped Nb:O s _over-all composition (Nbl.xWx):O e where x

varies from 0.0025 to 0.15] shows that mixed valence semlconduc-

lionwas observed. The major factor determining the value of the
thermoelectric power at high temperatures appears to be an

entropy of mixing term. In _amples with x > 0.I0, ItIs concluded
that the electrons can be trapped on tungsten ions as well as

niobium Ions. The low-temperature resistivity data Indicate that

the conduction mechanism is not simply described at temperatures

Where the tungsten impurity ions are incompletely Ionized. 19_ tG,_ l

LetUaehlgkelt und Hallkonstant--16, 17, 22, 23, W.KOESTER.
D.HAGMANN. T.RICKER. W.GMOEHLING. Zelt fuer Metallkunde

v 52 n 11 Nov 1961 p 721-35. v 53 n 7 July 1972 p 456-65. Pt 16.
Electric conductivity, susceptibility, thermoelectric power, and
Hall effect of solid solutions of palladium with its neighbor ele-
ments In Periodic System. i.e.. Ag. Cd. In. Rh. Ru. Mo, Cb. Zr.
Au, and U. generally in amounts of 2 and 4. sometimes up to 15
aL%; excepting thermoeleetrlc power, results of measurements
can be explained by simple band model. Pt 17. Application ol
double band model to electric properties of palladium; measure-
ments of electric resistivity. Hall effect, susceptibility, thermo-
electric power, and Ettlnghausen-Nernst effect are used to calcu-
late variables of band theory for Pd, useful results were obtained
only when interaction between bands was taken Into consideration.

32 refs. Pt 22. Theoretical Investigation of temperature dependence
of electric conductivity and Ilall effect; for general Isotroplc case.
effect of degree of disintegration of electron gas on 2 properties
is calculated; for case of transition metals, mutual effects of s
and d bands are taken Into consideration; methods for numerical

solution of equations are discussed. Pt 23. Temperature dependence
of electric conductivity and llall effect of palladlumsolld solutions;
determination of temperature coefficients of electric resistivity
and Hall effect of Pd with small amounts, usually 2 and 4 at.q_, of
Ag. Cb. Cd. In. Mo. Rh. Itu. V. and Zr and with 2-80 at."_ Au; both
properties were decreased by all additions; effect i_ ex_lalned by

electron scattering. 27 refs. . ..... _ (c "_

ELECTRICAL RESISTIVITY AND TIIERMOELE(_T'I_IC
- 14488 POWER OF PALLADIUM AI.'Ti6R HYDROGEN

DESORPTIObl. RJ.Smith, A.I.Schtndler and E.W.Kammer.

Phys. Rev. (USA), Vol. 127, No. l, 179-83 (July I, 1962).
The electrical resistivity and thermoelectric power of desorbed

palladium -hydrogen samples were measured as functions of temper-
ature from 4.20to 300°K, and 77° to 273 K, respectively. The

thermoelectric power of the desorbed specimens lles Intermediate

between the values of annealed and cold-worked palladium. ,An

Increase In the residual resistivity and a decrease in the value ol

d/a/dT is found for the desorbed samples. The results are explained

In terms of an experimentally observed expanded lattice, l_ 0 _'_ 59



COMMEN FS ON "TIIERMAL CONDUCI'|VITY IN TWO-
/ 143_4 PHASE ALLOYS." R.W.Ure,Jr.

J. appl. Phys. (USA), Vol. 33, No. 7, 2290-2 (July, 1962).
It is shown that there is an error in Schrocder's calculation

(Abstr. 14188 of 1961) of the electronic thermal conductivity due to

circulating currents inn two-phase n_aterial. With reasonable

values for the properties of the two phases, quant,tative agreement

between the predictions of the model and the cxpernnental data of
Cosgrove, Mcilugh, and Tiller (Abstr. 8969 of 1961) is obtained for
t_#th the electronic thermal cottductivtty and the Scebcck coefficient.

from the formula of Macdonald and Nordheim and the mean value

of the product of resistivity for large specimens and the mean free
path was ~ 10-" t_ enl a which agrees with Chambers value for lead.

D.J.Oliver

21150 SEMI-CONDUCTIVITY AND TIIERMOELECTRiC"
POWER OF CADMIUM OXIDE.

E.F.Lamb and F.e.Toml_kirm.

Trans Faraday Soc. (GB), Vol. 58, Pt 7, 1424-38 {July, 1962).

The electrical conductance and thermoelectric power o! pellets

of sintered cadmium oxide powder were measured at various oxygen
pressures and temperatures. Both electrical properties follow

closely the requirements of Wright's equations for fullydegenerate

semiconductors. It is, however, not possible to reconcile the results

obtained at different oxygen pressures with Wagner's theory relating
the concentration of conduction electrons to the dissociation pres-

sure of oxygen of an excess semiconductor. Furthermore, in a stud},
of the attainment of equilibrium with gaseous oxygen, itwas [otm¢l

that long periods were required to obtain constant electrical proper-
ties;it was therefore concluded that although surface equilibrium

was rapidly attained, latticedilfusion was extremely slow. The dif-

ferent rates of these two processes are thought to be, in part, res- •

ponsible for the complex conductance against temperature plots

obtained at the various stages of equilibration; other complicating

factors; such as surface adsorption and the "structure" of the sin-
tered pellet, are a_so discussed.

• 23466 PHYSICAL PROPERTIES OF Cu- Zn-Sb ALLOYS.
V.A.Yurkov.

Flz. Metallov i Metallovedenie (USSR), Vol. 14, No. 2, 172-81

(Aug., 1962). In Russian. English translation in: Phys. Metals and

MetaUography (USA), Vol. 14, No. 2, 11-18 _1962; publ. June, 1963).
Investigation has been made of the mierostructure, micro-

hardness, density, line broadening, electrical and thermoelectric
properties of the alloys CuZn3- Zn3Sb2, CusZnj- Zn_Sb_, CuZn-

ZnjSb_. From the structural point of view these alloys are a
mechanical mixture of practically pure components. The lines

joining CuZnj, Cu_Zn_ and CuZn with the compound Zn_Sb_ appear

in the ternary system Cu-Zn-Sb as the position of the pseudo-

binary sectors. 1_/_ _(o'_

1824 APPLICATIONS OF THE PELTIER EFFECT.
J.E.Parrott and A.W.Penn.

AEI Engng (GB), Vol. 2, No.4, 202-7 (July-Aug., 1962).

A study of the design of thermocouples, embodying a p-type

and an n-type semiconductor, to give optimum results. High values
of electron mobility and effective mass of electrons and holes are

aimed at and doped alloys of bismuth-antimony tellurlde and bis-
muth telluride-selenide were chosen for the p-type and n-tyl_
elements respectively. Operating characteristics and transient

effects are discussed. Applications described include transistor
stabilizers, cooling envelopes for electron microscope specimens,

and thermoelectric recording hygrometers. A domestic refrigerator .
operating on this principle would be a marginal proposition.

60



5105 SEMICONDUC[OI{ COOLU_IG ELEMEN'L'S OPERATING BY

rH_-pIgLI'IEI{ EFFECt B.Bohme.

.;icktronlk(GermaJly). V_d '_I,N,, 8, 225-5 (Aug., 19',_).In German.

_;_w qe,nicouducto, nljte,tale have made possible ,,"),:,)sic

utilizationof the Pelt!or effect,km)wn ";lace 1834, Ct)rthermoelectric

refrigeration. £h¢ 5trigor c,;oling elements devel,,i_,'d _', the Siemens-
$chuckert company are cooling units ready for cotmectton. They con-
sist of 18 series-connected individual elements with a cooling power

of approx. 15 W. They have already found uses in minor cooling
applications, but will probably exercise a decisive influence on the
entire refrigeratiou_ az_d air-conditioning techniques of the future.

Materials for EnglneeriI_g Thermoclectric Devices, J.W.DAVIS-

SON, J.PASTERNAK. Electro-Tt'chnology v 70 n 2 Aug 1962 p 128-
33.._atus report on progress in thermoclectrlclty; examination of
characteristics of available e×perlmental thermoelectric materials;

developments in thermoelectric devices; cost-efficiency analysis of
materials. _..T-(o "2..--

Thermoelectric Properties of Cadmium Antlmonlde. T.MIYAU-
CHI, K._,iATSUI. Inst Elec Engrs Japa_--J v 82 n 88'/Aug 1962 p
1258-62. Preparation of CdSb by fusion; date on thermoelectric
and thermtl properties; results of resistivity, thermoelectric pow-
er and thermal conductivity measurements; It is pointed out that
increase in impurity concentrations of CdSb may cause Increue

of thermal conductivity; in low resistivitysamples, thermal Con-

duction is dominated by impurity scattering of phonon& InJ aJ_-

enese with English summary, t._._ ¢ [_

12394 TECHNIQUE TO CONSTRUCT FINE WIRE ....

THERMOCOUPLES. J.W.Denison, Jr.

Rev. sci. Instrum. (USA}, Vol. 33, No. 8, e70-1 (Aug., 1962_.

Utilization of the melting point difference between pure plati-
num (1774°C) and platinum-10% rhodium alloy (1875"C) enables

construction of fine wire thermocouples. A micro-torch, made of

drawn quartz tubing, eupplles sufficientheat to melt the end of the

platinum wire placed in "T" configuration with the Pt-10% Rh wire.

The wires are held in this position by small clamps supported by

heavy pure fin wire mounted in a stainless steel block. The tin

wire allows exact wire positioning since Itis ductile, does not

possess sprlngback properties, and doe_ not work harden. The

flame from a mlcrotorch, when carefully applied to the free end ¢_

the platinum wire, causes itto melt and pull back as a surface-

tension ball. When the ball comes in contact with the Pt-10% Rh

wire, the heat is quickly removed to allow freezing of the platinum

ball. t_3_ _- G.W.q.Dummer

Experimental Determination of Thezmoelectric Power in Liquid
Metals and Alloys. C.C.BRADLEY. Philosophical Mag v ? n 80
Aug 1962 p 1337-47. Series of experiments in which absolute

thermoelectric power of number of liquid metals and liquidal-

loys was measured over range oftemperatures from thelr melting

points up to about 500 C; use was made of recently established
absolute thermoelectric scale which is more reliable than pre-
vious ones; results explainod in terms of electron scattering by
pseudo-potentials and density fluctuationsin liquid.22 refL ..r

AD-410 4_4 Die. 17. 7. 25

(TISTM/AMS) OTS price $7.60

Westinghouse Electric Corp.. Pittsburgh. Pc.
THERMOELECTRIC|TY.

Quarterly progress rept. no. 2. lay-Aug 62.
Aug 62. lv.
Contract NObsSb595

Unclassified report

Descriptors: (SThermoelectriclty, Materials},
Cobalt alloys, Antimony alloys, Bismuth alloys.

Tellurium alloys. Zinc alloys. Intermetallic
compounds, Vaporization, Vapor pressure. Germa-
nium alloys, Powder metallurgy. Power supplies.
Indium alloys. Processing, Manufacturing meth-

ods, Thermocouples. Thermal conductivity. Elec-
trical properties, Test, Test methods. Pellets.
Life expectancy. Resistance (Electrical).
Reports.

Effort on new material development during the

period was confined to the Co-Sb system. Further
evidence was obtained for the possibility of

developing matched p and n materials that will
have mechanical properties conducive to roll-
ability with moderate conversion efficiency. The
first report, Sb2-xBlxTe3 Alloys for Thermoelec-

tric Power Generation. Summarizes the development
work on this series of alloys. Compositions,
processing, and contacting methods are presented.
Alloys have been optimized for use at hot side
temperatures up to 425 C. The report entitled.
The Preparation and Evaluation of Indium-Anti-

mony-Tellurium Alloys for Thermoelectric Power
Generation. likewise summarizes the work on this

alloy system. The last two reports, Vaporiza-
tion of Zinc Antimonide and The Vapor Pressure
of Germanium Telluride. provide additional data

pertinent to the application of these materials.
(Author)
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SOME PIIOPERTIES OF PURE POLYCRYSTALLINE

" 21149 BORON. T.Niemyski ana W.Zawadzld.

Phys. I,etters (Netherlar.ds), Vol. 2, No. l, 30. I {Aug. I, .'962}.

The eutectic temperature iniheboron-plattnum system is
750 , 10°C. The electrical conductivitles of seven boron san, pies

were measured from 20° to 750°C: all samples were p-ty/_.
Specimens with impurities of 10-s'_oSt, I0" _ Mg gave results

corresponding to activation energies of _ 1.1 eV. The thermo-

electric power was measured over the same temperature range.

M .A.Taylor

_, ANISOTROPY OF THE ELECTRICAL CONDUCTIVITY

16717 AND THE SEEBECK COEFFICIENT OF BieTe_,.

H.H.Soonpaa.

J. appl. Phys. {USA), Vol. 33, No. 8,2542-6 {Aug., 1962).

Electrical conducti','Ityara_ the Seebeck coefIicient of

Bi,T%S s were measured in the two main crystallographic directions
of the rhombohedral lattice,parallel and perpendicular to the

hexagonal {basal) plane. The ratio of the two electrical conduct-_

lvities has a value of 7.56 at liquid nitrogen temperature. The Hall

effect along the basal plane was measured. The properties change

with temperature in a manner that indicates a complicated degener-
ate conduction band. f_#A i( o 2--

i 621.362

2791 EFFECTS OF A MAGNETIC FIELD ON THE THERMO-

ELECTRON PROPERTIES OF A BISMUTN-ANTIMONT

ALLOY. R.Wolle and G.E.Smlth.

Appl. Phys. Letters (USA}. Vol. I, No. I, $-7 (SepL, 1962).

The changes with magnetic field In the Seebeck coefficient,the

resistivity,and the thermal conductivlty of bismuth-antlmony

alloys were measured between 78" ar.d295"K. The rnagnelo-

resistance and ma_netothermal resistance effects axe shown to

be similar to those observed in pure bismuth, but no quantitative

A.Taylor
interpretation of the results is given. _ _-. _t r _._

Inversion der Thermokraft bel gesinterten thermoelektrlschen

Werkstoffen. H.SCHREINER, F.WENDLER. Metall v 16 n 5. 9 May
1962 p 399-402, Sept p 855-8. Inversion of thermal power in stntered
thermoelectric materials. Series of investigations deallngwithpoa-
stble advantages of producing thermoelectric semiconductors by
powder metallurgy methods rather than melting. May. Effectof lat-
tice defects In powder metal processes. Sept. Experimental re-
sults obtained with compacted and sintered bismuth tellurtdes in

which either pure Bi2Te_ was used or tellurlde doped with 0.15%
Agl; in former, repeated inversion of thermal power was observed

with tncreaslng sintering temperature. 27 refs. E._'_

ELECTRICAL AND THERMAL PROPERTIES OF

21109 MATERIALS IN THE SYSTEM AsaTe_-Tl2Te-As_Ses-

•z r. STnh,_¢f _,,-I J H Weary
J. appl. Phys. (USA), Yol. 33, No. 9, 2770-3 {Sept., 1962).

Seven compositions were prepared in the system As2Te_-TI_Te--

As_Se3. Some of the samples were amorphous while c_hers were

diphasal including both amorphous and crystalline phases. The elec-
trical and thermal properties of the samples were structure-depend-

ent. At room temperature the resistivity values ranged from

4.7 x 10"sto 1.8 × 10s f/cm, Seebeck coefficientvalues were 40 to

1210 uV deg .I K and thermal conductivity values were 18.1 to

L2 mWcm" deg'L _ ,_ "*/_._ 62
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AD-291 739 Div. 7, 25, 17
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Air Force Cambridge Research Labs., Redford,
lns$.

SINGLE CRYSTAL BISMUTH TELLURXDE,
by A. C. Yung and F. B. Shepherd, Jr. Sep 62,

J6p. Incl. illus, tables, 26 rail. (Rapt. no.
AFCRL 62-262)

(ProJ. 5621) Unclassified report

DESCRIPTORS: uSlngle crystals (getsllurgy),

e[ntermetallic compounds, *Semiconductors,

eThermoelectricity, USingle crystals, X-ray
photography. Bismuth compounds, Tellurfdes,
Crystals, Preparation, Melting, Rotntion,
Crystallization, Optics, Test equipment, Trans-

mission, Physical properties, Chemical impuri-

ties, Copper compounds, Naterlals, Growth.

Bismuth tellurlde single cryszals were grown by

the Czocbralski pulling method in s furnace
similar to that used by Ainsworth. Bismuth rlch
end stolchlometrlc melts led to p-type crystnls.

Large excesses of Te and doping with Cu2Te led
tO n-type crystals. Single crystal growth was
sustained st rntes us high as 8.5 cm/hr tram

p-type melts and 0.5 cm/br from n-type melts.
Growth rates above 3 cm/hr resulted in rectnngu-
far cross sections. Those below I cm/hr result-
ed in elliptical cross sections similar to those

reported by A_nsworth. Typical cross section
dimensions were 1.5 x 0.5 ca. Single crystals

have been grown up to 22 ca in length. The vit-
Iation of thermoelectric power with melt cos-
position wa_ observed for compositions near

" stoichiometry. Normal p-type thermoelectric
powers (Setback coefficient) rnnged from 220 to

260 mlcrovoltn/deg C. Normal n-type thermoelec-
tric powers of -15 to -250 mlcrovolts/deg C were

obtained. X-ray diffraction lines observed agre_
with the ASTH index to within experimental, error.
A transmission edge was observed at approximately
0.145 ev. (Author)

4958 EFFECTS OF A MAGNETIC FIELD ON THE THERMO-

ELECTRIC PROPERTIES OF A BISMUTH-ANTIMONY

ALLOY, R.Wolfe and G.E.Smith.

Appl. Phys. Letters {USA), Vol. l, No. I, 5-7 {Sept.,1962).

The changes with magnetic fieldin the Seebeck coefficient,the

resistivity,and the thermal conductivity of blsmuth-antimony

alloys were measured between "/8"and 295_K. The magnetoresistance

and ma_netothermal reslstance effects are shown to be similar to

those observed in pure bismuth, but no quantitative interpretation
of the results is given. A.Taylor

\

/8527 EFFECTS OF A MAGNETIC FIELD ON THE

THERMOELECTRIC pROPERTIES OF A BISMUTH-

ANTIMONY ALLOY. R. Wolfe and G. E. Smith {Bell Tele-

phone Labs., Inc.,Murray Hill,N.J.). Appl. Phys.

Letters. 1: 5-7(Sept. 1962).

The thermoelectric properties of an alloy of 88 at. %

bismuth and 12 at. _ antimony in transverse maKnetle

fields up to 17,000 Oe are reported. Graphs of vnriatlo"

of resistivity with magnetic field strength and of varlatlo_

of thermoelectric figure of merit with _emperature show

that resistivity rises with field strength. Maffnetothermo-

electric results with pure bismuth are similar to those for

thlsalloy. (D.C.W.) _ SR )b :_

63



AD-291 235 DlV. 8, 20

(TISTE/CAM) OTS price _8.10

Naval Radlologlcal Defense Lab., San Francisco,
Calif.
RADIATION EFFECTS IN THERMOELECTRICS. I.

TECIINIQUES FOR _ETECTION OF TRANSIENT EFFECTS
AND TIIEIR APPLICATION TO COMHERCIAL GRADE BISMUTH

TELLURID£,

by J. M. Winslow and R. R. Hart. 13 Sep 62, 7Bp.
Incl. illus, tables. 7 refs. (Rept. no. NRDL

TR-581)
Unclassified report

DESCRIPTORSt _Thermoelectricity, *Semicon-

ductors. URadiation effects. Resistance. Bis-
muth compounds, Tellurides, Neutrons. Gamma

rays, Photous, Test equipment. Test methods,
Experimental data. Nuclear energy. Thermopiles,
Production.

Two satisfactory laboratory methods for detecting

and studying transient radiation effects on
Seebeck coefficient. S, and electrical resiS-

tivity, Rho. of materials having large thermo-
electric figures of mort1, z, were developed.
The transient effects of intense beams of 2 Mew

electrons on z in commercially available, thermo-
electric grade bisrtuth telluride, were deduced

from separate observations of S and Rho made
using these methods, together with previously

reported observalions of thermal conduclivity.
These observations l_dicate that ionizing radia-
tion has no transient effects on the point value

of z. within experimental limits of accuracy

amounting to • 50_. Secondary effects very
probably arising from inhomogeneity of the test

material were observed. A simple model for,
and some of the implications of, these observa-
tions are discussed. (Author)

1'

17971 THER._IOELECTRIC PROPERTIES OF CAD]V_IUM
ANTIMONIDE ALLOYED WITH ELEMENTS OF GROUPS.

I, HI, IV and VI. S.b/t.Gusev and G.V.Raktn.

Fiz. tverdogo Tela (USSR), Vol. 4, No. 9, 2328-3"/ (Sept., 1962).
In Russian. EngLish translation in: Soviet Phystcs-solld State
(USA), Vol. 4, No. 9, 1704-11 (March, 1963).

The following properties of CdSb monocrystals and polyerystals,
pure and alloyed with Ca, Ga, In, Ge, Sn, Pb, Se and Te, were
studied: (1) the ten_perature dependence of the electrical conduc-

tivity, the Haileffect, the thermoelectric power, the transverse
Nernst-Ettingshausen (NE) effect; (2) the magnetic-field depen-
dence of the electrical resistanceand the _ coefficient. The

energy gap at T = 0°K was found to be O. 58 eV. The temperature

dependence of the carrier mobility in the impurity region wmt
found from the liall effect and the conductivity; in the Intrinsic
region it was deduced from the temperature dependence of the
effect. The ratios of the effective masses were determined for the

intrinsic region and the effective masses of holes and electrorat
were found in the impurity re,ton at I00" K. The effect of impuriUes

on the sign of conduction, carrier density, the magnJtude of the
thermoelectric power and other properties was estabLished.

S.Chomet

AD-kO4 614 Div. _5. I.. ?

(TISTtt/PCR) OTS price $1.10

Stanford Research Inst., Menlo Park, Calif.
THERMOELECTRIC MATERIALS.

Bimonthly progress rept. no. 2i, 1 July-1 Sep 62,

by J. W. Johnson. 14 Sep 62, 5p.

Contract NObsT7017, SRI ProJ. 5U2681

Unclassified report

Descriptorst UThermoelectrlcity, Electrical
properties, Copper compounds, Sulfides, Bismuth

compounds, Re.lstance (Electrical), High tem-

perature research, Mixtures, Tables. Nickel
compounds, Test methods, Tellurides, Lead

compounds, Mnterl|l|, /_
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23417 TIlE PROPERTIES OF ZnSn/_s,/LND CdSnAs,.
D.B.Gasson, P.J.ttolmes, l.C.Jennings, B.R.Marathe

and J.E.Parrott.

J. Phys. Chem. Solids (GB), Vol. 23, 1291-1302 (Sept., 1962).

Differential thermal analysis and X-ray powder diffraction show
that ZnSn/ts, transforms from chalcopyrite to disordered zinc blende

structure at 650°C and melts at 775°C. The thermal conductivity
at room temperature is 0.070 W cm °t dog -t for the disordered phase
and 0.115 Wem "t deg-' for the ordered phase. The electrical

properties depend markedly on heat treatment, but the compound
Is always p-type. The observed hole concentration varied between

2 x 10 t' and 3 x 102' era" (the highest observed hole mobility being
22 em' V-' see-t). Thermoelectric measurements suggest'that the

hole effective mass m* = 0.5 m o and the optical energy gap Is about

0.6 eV. Similar experiments on CdSnAs a confirm previously
reported results.

f' h 7...-

AD-405 6Z0 Oiv, 17. 26

lSTM/AMS) OTS price $1.60
lrlpool Corp., St. Joseph, Mich.

THERMOELECTRIC JUNCTIONING PROJECT.

Progress rept. no. 2. 1July-30 Sop 62.
by R. G. Sickert. 31 Oct 62. 16p.
Contract NObs86483. ProS. 58007 12 01. Task 806

Unclassified report

Descriptors: *Soldering. eThermoelectrlclty.
• Soldering alloys, Ultrasonic radiatlon. Low
pressure research, Soldering fluxes. Hydro-
chloric acid, Bismuth alloys. Indium alloys,
Tin alloys, Antimony alloys, Zinc compounds.
Chlorides. Surface properties. Aging (Ma-
terials). _xperimentnl data.

The effort expended tn the second quarter was
mainly concerned with evaluation of solder alloys
and their characteristics. The best solder
Series discovered during this period was a com-
bination of bismuth, tin and antimony. Workable
solders of this series were developed _ith melt-
ing points ranging from 400 to 273 F. Because
surface cleanliness and preparation technique
are extremely important In producing a superior
solder Joint, studies involving surface exami-
nation through electron microscopy were initiated
to determine the surface contaminants. The

sensitivity of the Joint resistance scanner was
Improved by one order of magnitude to accurately
determine resistance to 1 x 10 to the -Yah power
ohms. (Author)

t ,3

AD-297 918 DIv, 4. 7, 14. 17
CTISTM/ODN) OTS price $3.6Q

General Electric Co., West Lynn, Mass.

SEMICONDUCTING COMPOUNDS FOR TIIERMOELECTRIC POME8
GENERATION.

Final rept., 1 July-30 Sep 62.

by R. Bobone. L. F. Kendall. and R. H. Vought.
30 Sep 62, 31p;

(Contract DA 44-177-tC-639)
(TCREC Tech. rept. 62-112)

Unclassified report

DESCRIPTORS: *Intermetalllc compounds.
*Semiconductors. *Thermoelectriclty, Chemical

compounds. Copper Compounds. Tin compounds.
Sulfides. Germanium Compounds. Alloys, Magne-
sium alloys. Tin alloys. Germanium alloys,
Synthesis (Chemistry). Silicon alloys. Lead
alloys, X-ray diffraction analysis, Thermal
conductivity, Gallium compounds. Indium com-

pounds. Antimony compounds, Bismuth compounds.

Silver compounds, Lead compounds. Materlals.q

TRANSPORT PROPERTIES OF p-TYPE BtaTe,-Sb2Tes
/ 23372 ALLOYS IN THE TEMPERATURE RANGE 80-370°K. "

L.R.Testardi, J.N.Bierly,Jr and FJ.Donahoe.

J. Phys. Chem. Solids (GB), Vol. 23, 1209-I"/ (Sept.,1962). '
The Seebeck cocfiicients,electrical and thermal conductlvttJes

and Hall coefficients of a number of p-type alloys from the

_D_,SbhTe3 pseudo-binary system were measured in the temper-

ature range 80°-370° K. The results are found to be generally
consistent wtth the assumptions ol a many-valley valence band and

cbarge carrier mobility limited by aeousttcal scattering, once
corrections for the eflects of degeneracy have been made using

exact statistics. The possibilities ol temperature and degeneracy-

dependent band structures are discussed in relation to anomalies
'.n the Hall and Seebeck coetltcients. The Klemens-Drabble theory
of thermal resistance (Abstr. 13499 of 1'#60) due to point defect

scattering (with a slightly m_dilied form for the mass fluctuation

parameter) Is in go_gl agreement with the experimental values for
the lattice thern_al conductivity of these alloys. The doptng
b_haviour of the alloys at room temperature also coalirms the

asstunption of acousttcal scatterH_g of the charge car_ters.fl 65



20290 EFFI_:CT OF MUTUAl. Fll- CTIION AND PHONON DRAG
ON TIlE TIiEItMO-E.Xt._ • AND "['lieNERNST I.;FFECT

fIN DEGENERATE s_:Mico_ucTo_sl.
A.L.Natadze and A,L.i_fros.
Fiz. tverdogo Tela (USSIR), Vol. 4, No. 10, 2931-9 (Oct., 1982). In

llussian. English trnnslailon in Soviet Physics-Solld State (USA),

Vol. 4, No. 10, 2149-54 (April, 1963).
The effect of mutual electron and phonon drag on the therrno-

t.m.f, and the Nernst effect in degenerate semiconductors in strong

magnetic fields was investigated. It w_s shown that at low tempera-
tures the thermo-e.m.L increases in the ratio _/kT, and the tem-

perature dependence of the Nernst elfect is changed when mutual

drag is taken into aceotmt. ('/A _

2926 THERMAL CONDUCTIVITY, ELECTRICAL

COh_DUCTIViTY, HALL EFFECT, THERMOFOTENTIAL

AND SPECIFIC IIEAT OF Ag2_.

¥.Baer, G.Busch, C.Fr_hllch and E.Stelgmeler.

Z.Naturforsch. (Germany), Vol. 17a, No. 10, 886-9 (Oct., 1962).
InGerman.

The thermal conductivity, electrical conductivity, Hall co-

efficientand thermoelectric power of Ag2Se were measured

between 80 ¢ and 60(_,. In '.helow temperature semiconductor

phase the thermal conductivity increases with increasing tem-

perature due to the high amount of carrier contribution. The latter

were calculated using the Price formula. Agreement with experi-

ment is satisfactory. The specific heat was measured between 50:

and 200_C. For the latent heat a value of (5.7t 0.5)cal/g wu

determined in agreement with measurements of Bellat| and Lussana.

In-_dd_tionto the transition at 133_C an unknown new transition waB

foondat 90 :. 'b. %

Electron Transport Properties in Liquid Gallium, N.E.CUSACK,
P.W.KENDALL. A.S.MARWAHA. Philosophical Mag • Y n 82 Oct
1962 p 1745-52. New measurements of Hall coefficient and st, so-
lute thermoelectric power of liquid gallium; Hall coefficient has
"free eleetroff' value; all known electron transport properties

liquid Ga are collected and discussed in relationto recent theol7
of Zlman; previously unpublished X-ray diffractionobservations

are quoted and used. 21 refs. _-_ / _ __

f

2983 THERMOELECTRICITY IN IRRADIATED GLASS.
F.C.Ha rdtke.

Phys. Rev. Letters (USA), Vol.9, No.8, 339-41 (Oct. 15, 1962).

Electric charge displacements were measured in glass plates,
previously irradiated by a Co e° source, heated in temperature
gradients of 20 to 40_C per m,l_. An explanation of the phenomenon

in terms of Compton scattering in the glass plate and surrounding
material, is discussed. J.N.Hodgson_

65Z2 (NRL-Memo-1361) STATUS REPORT ON

THERMOELECTRICITY. J.W. Davisson and Joseph

Pasternak (Naval Research Lab., Washington, D. C.}. Oct.

1962. 153p.

A review of progress is presented on thermoelectric

materials with emphasis on reliability and radiation ef-

fects. Other information is included concerning develop-

ment of devices. It Is noted that development of p_wer-

generating m3terlals for intermedi._te temperature ranges

continues to move slowly. Development of liquid thermo-

electric materials is noted along with magnetic effects at

cryogenic temperatures. Continued progress is noted in

large refrigeration equipment awl in 250-w power gener-

ators, {3.R.D.) // _A ¢b 3
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(TISTM/AW) OTS price $4.60

Du Pont de Nemours, E. I., and Co.. Inc.,

Wilmington, Del.
THERMOELECTRIC PROPERTIES OF SELENIDES AND

TELLURIDES OF GROUPS VB AND VIB METALS AND THEIR

SOLID SOLUTIONS,

by W. T. Hicks and H. Valdsaar. 31 Oct 62. 27p.
Contract NObs8482_, ProJ. SRO0? 12 01, Task 802

Unclassified report

Descriptors: uSelenides, UTellurides,
mSemiconductors. Tungsten alloys. Molybdenum

alloys, Hall effect, Tantalum alloys, Synthesis
(Chemistry), Thermal conductivity, Thermo-

electricity, Group V elements, Group VI ele-

ments, Chalcogens, Thermocouples, Rhenium,
Solutions, Electrical properties, lntermetalli¢

compounds.

The stud_ of the tantalum-doped solid solutions
of the compounds WSe2. WTe2, RoSe2 and MoTe2

was continued. To date, these complex materials
showed np practical advantage over tantalum-doped

tungsten diselenide. Incidental observations
made in the course of this study have revealed

occasional difficulties in reproducing earlier
data. Hall coefficient data were obtained on

several W(1-x)Ta(x)Se2 compositions at tempera-
tures up to 600 C and were interpreted to yield

information on the scattering mechanism at

various doping levels and on the relation between
chemical dopant concentration and carrier density.
Hall effect measurements were also made on

rhenium-doped molybdenum diselenide. A number
of niobium and tantalum tellurides and selenides

were synthesized in exploratory work.- They show

no promise of practical value as thermoelectric
materials. Several test modules utilizing tanta-

lum-doped tungsten diselenide were constructed_
the results sugges_ that this p-type material
may be useful in cascaded generators _etween 500

a.d looo c. (Author) ,/_

/AD-404 781 Div.. ? -

(TISTE/JWS) OTS price $5.60

General Electric Co., Nest Lynn, Muss.
RESEARCH AND DEVELOPMENT OF MATERIALS AND FABRI-
CATION TECHNIQUES FOR TIIERMOELECTRIC PONE|
GENE RAT l ON.

Quarterly progress rept. no. _. 1 Aug-30 Oct 62.
_0 Jan 63. 55p.

Contract NObIR6RS/.. ProJ. SRO0? 12 01. Task 802

Unclassified report

Descriptors: _Thermoelectrle eonvertmrs,

Life expectancy, Tests, Soldering, Solderia;
fluxes, Lead alloys, Tellurides, Brazing.
Welding. Test equipment. Bonding. Wanufnc-
turing methods.

Life test darn to 2000 hours of operatlou with

temperature cycling were obtained. Agreement
with the predicted power level is considered
excellent, but significant problems remain. Our
solution to these prnblems along with test data
is presented. A study was completed to deter-
mine the optimized cartridge configuration.

Many improvements in design were made possible
from experience obtained fro., test and fabrics-

t/on problems encountered in the original desige.
Junction electrical resistance are reduced by
techniques described. It is belieeed that the
greatest significant attainment exists In the
solution to the Junction problem. (Author)
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_AD-290 222 Div. 25, 14

(TISTM/BRW) OTS price $).OO

Naval Rese_e_ Lab.. Washlngtoa. O. C.

THERMOELECTRIClI_/.

0unrterly status rept. no. 9.

by J. W. Davisson Joseph Pasternak and S. B.
Rosenbaum. Oct 62, 1_Op. Incl. illus, tables.

(NRL memo. rept. no. 1361)
(In cooperation wltk bureau of Ships, Mashing-

ten. D. ¢.
Unclassified report

D_SCRIPTORS_ eThermoelectrlcity, Power

supplies, Thermal conductivity. Liquids.
Solids, Sulfides, Selenldes, Tellurldes.

Semiconductors. Oxides. Materials.

Westinghouse ElecSric Corporation has partially
reduced troublesome cracking in thermocouples of
pure GeTe by the addition of approximately _0_
TIBiTe2. General Atomic division of General

Dynamics Corporation found that barium doping
improved the thermoelectric performance of ceri-

um sulfide. Chrysler Corporation. in their le-
vestigation of compounds of high atomic weight
refractory metals (Hi. Tn, M, Re) with |V B(Ge).
V B(As, Sb. Bl).and V! B(Se. Tel'elements. found

that these are not promising as thermoelectric

materials. Similarly. investigation of thorium
and uranium sulfides, selenides, and tellurides

by Electro-0ptical Systems, Tee.. did sot a_pear
promising. Thermal instability has thus far

limited MoTe2 and WTe2 alloys to 400 to _00 C at
the.most. An investigation by the U.S. Naval

Engineering Experiment Station of twenty commer-
cial n-type lead tellurldes indicated that no
improvement in material efficiency should be ex-

pected by changing cylindrical-shaped elements

tO truncated conical shapes. (Anthor) //._

1124 (Y._AA-SR-7036 PROCESS DEVELOPMENT

AND FABRICATION OF PbTe THERMOELECTRIC ELE-

MENTS. F.R. Bennett and K. Langrod (Atomlcs Interna-

tional. Div. of Forth American Aviation, Inc., Canoga

Park, Calif.). Oct. 30, 1962. Contract AT(II-I)-Gen-8.

24p.

The development and fabrication of Pb-Te pellets, con-

tacted to Fe end caps. for use as elements In thermoelec-

tric converters for the SNAP 10A program, is described.

The method adopted consists of contacting, by hot pressing

in a controlled atmosphere, 24 pellets simultaneously.

using 4-1nyer, 6-cavity graphite dies. The optimum hot

pressing parameters were found to be 5000 psi at 1550"F

for 30 sin. Several thousand elements were produced by

this relatively high-volume process, modifying the nor-

mally slow nr_ expensive hot pressing by the use of multi-

layer, multicavity diem and automatic controls. (auth)/_ _

1825 THERMOELECTRIC INSTABILITY OF SOME _OBLE
METAL THERMOCOUPLE$ AT RIGH TEMPERATURES.

B.E.Walker, C.T.Ewing and R.R.MtlIer.
Rev. sci. Instrum. (USA), Vol.33, No.10, 1029-40 (Oct., 1962).

Thermoelectric instabilities of noble metal thermocouples and

individual thermoelements (platinum, rhodium, iridium, iridium-

50% rhodium, and several platinum-rhodium alloys) were studied

in the temperature range from 1000" to 1700°C u_er oxidizing
and neutral atmospheres. The principal source of instability was

/found to be cotxtamination of the thermoelements by Impurities

from ceramic protection tubes. Several gr',d_s of alumina sheathing
were tested, and thermocouple errors associated with each grade

are reported. Criteria are discussed for the selection and applica-
tion of noble metal thermoeouples to attain maximum thermoe|e¢-

lric 6tabait_. _ '_ ,_ 68



4822 Opw_)A,rING CHAPACTEIIISTIC. _ OF TIIAI_:,v ERSE

(._'_R<'S'{') ANISOTROPIC GALVANO-THEIIMOMAGNETIC

C, ENEIIATORS. ['.C.Harmon and J.M.Honlg.

Appl. Phys. Letters (USA), Vol. l, No. 2, 31-2 (Oct., 1962).
Discusses theoretically the optimal efficiency of a set of such

devices connected thermally in parallel and electrically in series,

showing thatthlsdepends not only on the figure ofmerit Z = (HN+P)S/K R

but also on r ffi(IIN-P)/(HN÷P), where N and P are the overall Nernst

and Seebecl_ coefficients, K and R the overall thermal conductance

and electrical resistance and H is the magnetic field,
F_.CAr (ccz_J.Hawgood

t Thermoelectric Properties of Binary and TernaryCopper-Nickel

Alloys, D.D.POLLOCK. Met Soc of AIME--Trans v 224 n 5 Oct

]962 p 892-903. Mott and Jones theory of therrnoelectrfcliyfol"
alloys of transition and noble rnetMs is found by measurements

on relatively pure Cu-NI alloys to apply also to blnsry alloys
of transltlon elements; theory is extended to show that end be-

havlor of dilute ternary 607_Cu+407cN! base alloys tony be de-
scribed in terms of scattering mechanism; modified Molt m_l

Jones equation is derived which accurately expresses behavior ¢I

ternary and quaternary Cu-Nt alloys.23 refl. _...._,--/_

AD-£06 122 Div. 17. 7

(TISTM/BRM) ors price 18.60

Westinghouse Electric Corp.. Pittsburgh. Psi
THERMOELECTRICITY.

Quarterly progress rept. uo. _.
Oct 62, lv.
Contract NObs86595

' Onclassified report

Descriptorsl _Thermoelectricity, alntermetnl-
lic compounds. Antimony alloys. Tellurides.
Tellurium alloys. Bismuth nlloys..Cobalt

alloys, Germanium alloys. Impurities. Hydrogen.
Oxygen, Iron. Tin. Copper compounds. Sulfides,
Deguaiflcation. Thermal conductivity.
Resistance (Electrical). Temperature. Thermal

expansion. Reduction (Chemistry). Heat treat-
meat. Microstructure, Transformations. Air

conditioning equipment, Materials. Preparation.

Work i$ continuing on the Co-Sb system to develop

a r.atchin 9 'p' and 'n' material. Thermoelectric

property measurements are being extended to high-
er temperature for the 'n' material, and mechani-
cal property measurements are being made. Ma-
terial having 'p' type thermoelectric properties

over a broad temperature range was made, but the
properties are not optimum. Most of the contami-

nants, present as residuals in the raw materials,
sad those with which the alloy may come into
contact during processing, such as 02 and H2. are

• n' type dopes. The 'p' doping characteristics
of Fe and Sn were established. Thermal cycling
tests were run to provide further data on the

effects of chemistry and processing on the thermal
cracking of GeBiTe, Evaluation was made in
terms of change in resistance and microstructur¢.

Three Reports are appended: 'Environmentnl Suit
Generator" describes the design, construction.
and testing of a thermoelectric heating and

ventilating unit;' 'Determination of the Figur#
of Merit of Thermoelectric Materials' discusses

methods for measuring thermoelectric properties
sad 'The Thermal Conductivity of Molten Cu2S,2_-
Te.7 sad Molten Co2S presents a review of the
method and the results of measurements. (Author)

Thermoelectric Instability of Some Noble Metal Tbermocouples
at High Temperatures. B.E.WALKER. C.T.EWING. R.R.MILLER.
Rev Sol Instruments v 33 o I0 Oct 1962 p 1029-40. Studyof tber-
mocouples and individual platinum, rhodium, iridium, iridium-50_
rhodium, and several platlnurn-rhndfum alloy thermoelementn in
temperature range from I000 to 1700 C under oxldfz!ng and neu-
tral atmospheres, principal source of instability was found to be
contamination of therrnoelements by impurities from ceramic pro-
tectlon tubes; criteria are discussed for selection and applica-
tion of noble metal thermocouples to attain maximum thermo-
electric stability. _._ _ 7_
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Effect of Pressu,'e on Electrical Resistance of Lithium, Sodium
and Potassium at l.ow Temperatures, J.S.DUGDALE, D.GUGAN.

Roy Soc Lond--Proc Scr A v 270 n 1341 Nov 131962p 186-211.
Electrical resistivity measured at temperatures between 2 and
300 K and st pressures up to 3000 aim; there Is linear relation
between temFerature and volume coefficients of Ideal resistivity
for each metah magnitude of volume eoefllclent of Ideal re-
sistivity does not, at high temperatures at least, agree _qth present
theoretical predictions; this coefficient Is closely connected with
hlgh-tempcrature value of thermoelectric power. 54 refs. "_T V_'_

/
13144 rlIERMOELECTRIC i'ROPERTIES OF "IIIE

SINGLE-PIIASE OF AgSbTe=. T.Irle.

J. Phys. Soc. Japan, Vol. 17, No. 11, 1810-11 {Nov., 1962}.

Electrical resistivity (a) and thermoelectric power (a)

were studied between 80* and 300°K. From thermal conduc-

tivity measurements, latticethermal conductivity was estl-

mated to be about 0-05× 10-=W deg -aC cm "i. A linear relatiov

between In # and a was found. M.H.Khan

4152 :t (AFCRL-62-I047) CALCULATION OF TILER°

MOPOWER FACTORS FOR A PLASMA AND A METAL.

Scientific Report No. 3. Jack Davis and Giovanni Lanza

al,__,t. -..^.. l_._., _oston} ._-'ov. I 1QK9 _nntracts
tAIUA tta_.a_t_A H _***v., -, ........

AF19(604)-7358 and AF1_.)(604)-8462. 14p. (AD-293411)

The classical theory of transport phenomena, as applied

to thermocouples, is developed using the Boltzmann trans-

port equation. A comparison of the thermopower facturs for

a plasma and a rectal, derived using, Boltzmann statistics

for the plasma and Fermi statistics for the electron gas In

a metal, show,, that the plasma thermopower factor Is much

larger than that for a metal. (D.C.W.) _vw._'_ ' _o'_

_D-404 615 DIV. 25. /,. 7
(TISTM/PCR) t_TS price $1.10

Stanford Research Inst., Menlo Park, Calif.
THERMOELECTRIC MATERIALS.

Bimonthly progress rept. no. 22, 1 Sep-1 Nov 6_.,

by J. W. Johnson. 15 Nov 62, Jp.
Contract NDbs77017, $8I ProJ. SU2681

Unclassified s epor t

Descriptors= =Thermoelectrlclty, Copper
compounds, Iron compounds, Sulfides, Resistance
(Electrical), High temperature research, TSbles,

Electrical properties. Mixtures. Test methods.

Materials. -_,._

/
2918 ELECTRICAL CONDUCTIVITY AND THERMOELECTRIC

POWER CF INDIUM OXIDE. M.J.Arvin.

J. Phys. Chem. Solids (GB), Vol.23, 1681-3 (Nov.;1962).

The electrical conductivity and thermoelectric power of powder

compacts of In=O_ were measured over the temperature range 180"
to 460"C. The dominant effects observed are attributed to the

presence of Pb(_ impurity, e_/_ _.HoII

• 2871 MOBILITY AND THERMOELECTRIC POWER IN

MANy- VALLEY POLAR SEMICONDUCTORS.
D.J.Olechna and H.Ehrenrelch.

J. Phys. Chem. Solids (GB), Vol. 23, 1521-4 (Nov., 1962).

The mobllltylA and the thermoelectric power Q are calculated

varlatlonal!y for polar semiconductors having elllpsoldal energy
surfaces in which the polar electron-phonon Interaction Is dominant.
Equations applicable to both Fermi and Boltzmann statistics are

presented. Numerical results for p and Q for the latter ease are

given as a function of temperature for varying degrees of elllptlcRy.
These show that the thermoelectric power Is relatively insensitive to

changes In elllptlclty. A simple appromlmate formula for the mobility
given previously (Abstr. 1073 of 1961) Is shown to agree well with

the results of the variational method. _'P_ ( (::.3

¢
22948 PRESSURE DEPENDENCE OF THE ELECTRICAL

PROPERTIES OF PbTe AND PbS.

A.A.Averkin, S.Kasimov and E.D.Nensberg.
Flz. tverdogo Tela (USSR), Vol. 4, No. 12, 3667-9 (Dec., 1962).
In Russian. English translation in: Soviet Physics-Solid State (USA),

Vol. 4, No. 12, 2681-2 (June, 1963).
The variation of the thermoelectric power and the electrical

conductivity with uniform pressure up to 9000 kg cm z was measured

at room temperature for single-c:ystal n- and p-type specimens o_
PbTe and PbS. J.B.l_irk.

.5
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T.', moeb:kt,'l_h,";k!e ' ,,_1 _tva tw, r,h>g_, ra._tvora .M_St-MI_SI,,
F.',. ",IKITIN, V.L,.I.L'_Z._,,',OV, V !,.T.'_I_ASO_,. FJz_kaTverdogoTela
v 3 n 12 Dec 1961 p 3645-9; sc'e also l.:ngll,:h tr;m3hdion In Soviet
Physics, Solid 5late v 3 n 12 Jutte 1962 p 2t_|_-51. Therrnoelectrle
propoet)es of solid solutions .MgzSt-M_Sn; thermoelectric prm'er,
electrical conductivity, thermal conductivity and their temperature
dependence tnvestltrated. _" 1"_ I g

UNCLASSIFIED

1079&0 STRUCTURAL INVESTICATIONS IN THERHOELECTRIC HATERIALS
(Period covered: October 1-December 31, 1962)
Pollak, P. I.; Conn, J. B. (el al)

Unclassified
Herck, Sharp & Dohme.Research Laboratories
NObs-88112

The system xCu$bSe2"(1-x)Cu3SbSe 4 has been studied over its

complete range. Within the internal x _O.4, the chalcopyrtte struc-

ture of Cu3SbSe 4 is dominant, and marginal thermoelectric properties

are exhibited. Based on information thus far collected, the system
is degenerate, with electrical conductivity largely controlled by
mobility. The best figure of merit was shown by the alloy x = 0.4,
with 5 atom per cent of antimony replaced by bismuth, the value bein 8

0.48 x 10"3/K °.

Materials, thermoelectric

UNCLASSIFIED

" 23028 THERMOELECTRIC PROPERTIES OF TELLURIUM AND

THE EFFECTIVE MASS OF HOLE CARRIERS.

LN.Timchenko and S.S.Shal_t.

Fiz. tverdogo Tela (USSR), Vol.4, No. 12, 3612-17 (Dec., 1962).
In Russian. English translation in: Soviet Physics-SolLd State (US&),
Vol. 4, No. 12, 2642-5, (June, 1963).

The thermoelectric properties were tnvestL_J.ed of annealed
single crystals of tellurium with different carrier concentrations
(10 t' to 10t'cm "t) over the temperature range from 'IW to 200"K.

The effective mass of t"._ hole carriers was determined on the basis

¢./.

/2981 DEPENDENCE OF THE THERMOELECTRIC FIGURE OF

MERIT ON ORIENTATION IN UNIAXIAL CRYSTALS.

J.R.Madigan.

J. appl. Phys. (USA), Voi.33, No.12, 3564-7 (Dec., 1962).

The thermoelectric fibure of merit _.as determined as a func-

tion of the angle b_tween the principal symmetry axis and either
the field vectors E and -xTT or the current densities j*and q" for

uniaxial crystals, assuming isotropy of the Seebeck coefficient. For
• any orientation of these vectors other than parallel or perpendicu-

lar to the principal symmetry axis, the figure of merit in the direc-

tion of the current densities is always less than that in the direction

) of the field vectors. The latter situation is realized experimentally

in thin disk samples while the former is characteristic of long rods.
When these expressions are averaged over the angle between the

cleavage planes and the appropriate vectors, the fi6_re of merit In
the direction of the field vector is 86q while that parallel to the
current densities is "/2_ of the maximum value for Bi_Te, crystals.

These values should be characteristic of sintered powder samples.
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AO-_'_4 t62 Dlv. 25. JO. 26
(Tl_rM/EJII) OTS price _6.60

Denve¢ O., Colo.
VACUUM DEPOSITED TIIERMOCOUPLES.

Master's thesis,
by Richard C. Gerhardt. Dec 62, _gp. Incl. illus.
tables, 10 refs.
(Contract N12_(60530)lOO49A)

' Unclassified report

DESCRIPTORS_ _Thermocouples, "Thermoelectrlc-

ity. _Thln films. Vapor plating. Metallic
films. Materials, Semiconductors, Tellurium,

Antimony, Aluminum. Bismuth. Resistance, Thick-
ness. Nickel alloys. Aluminum alloys, Metallic

smoke deposits, Coatings.

This thesis is concerned with properties which
influence the use of thermocouples formed by

vacuu_ deposition. Studies of various single
films were made. and the results provided an aid
to the understanding of the properties of thin

film thermocouples, The thinness of s film
forming a vacuum deposited thermocouple ,o'-
limited by the resistance of the film rather than

the thermoelectric power. The thermoelectric
powers of the films studiea are nearly independ-
ent of thickness above the lower limits set by

the reslstsnce. Deposition ot the thermocouple
materials is best done during • single pumpdow•

of the vacuum system. Silver ink painted over
the copper wire leads produced the best contacts
between these leads and the thin film. Pure

metals exhibited lower thermoelectric power than
the corresponding material of lower purity. This
is true of some semiconductors in their bulk

forms (e.g., tellurium) and It was also_ found _o

be true of thin films (e.g.. antlmany). _utho_)

_D-404 023 Div. 14, 25

(TISTI/AM) OTS price |4.60

E. I. Du Pont de Nemours and Co.,. I•¢.,

Wilmington, De1.
THERMOELECTRIC PROPERTIES OF SELENIDES AND TEL-

LURIDES OF GROUPS VB AND VIB METALS AND THEIR

SOLID SOLUTIONS.
Quarterly rept. no. 6. 1 0ct-30 Dec 62.
by W. T. Hicks and H. Valdsaar. 8 Feb 63, lv.
Contract Nobs8482_, ProJ. SROO7 12 01, Task 802

Unclassified report

Descriptors: mSelenldes, aTellurldes, •Semi-
conductors. Group VI elements, Group ¥ ele-

ments, Tungsten alloys. Lead alloys, Encapsu-

lation, Thermal conductivity, Thermoelectricity,
tantalum. Chemical reactions, Thermocouples.

Resistance (Electrical), Electrical proper-

ties, Intermetallic compounds.

Improved procedures in synthesis and in me•myra-

merits have eliminated unreproduclbillties is

tantalum-doped tungsten dlselenlde preparatlo•s,

giving a well-substantiated Figure of Merit of
about 0.5 x 10 to the minus _ power/deg in the

500 to 1000 C range. An apparatus for direct

efficiency measurements is under constructlo•.
It is planned to incorporate tantalum-doped

tungsten diselenide (p-type) i• a practical
thermoelectric module, cascaded with p-type

lead telluride and encapsulated i• • ceramic-
coated coast•alan can which will also serve •s

the n-leg of the couple. Experimentation with

the details of construction is underway,

(A,tho,)
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3842 COOLING MICROMODULES INTERNALLY WITH

PEhTIFR JUNCTIOI_S. D.K.Alllson.

Electr_)t_cs Reliability and Microminiaturiz,_11on (GB), Vol. l,

359-63 (Oct.-Dec.0 1962).
lleat dissll_ation from mlcrominiature cf,mponents encapsulated

or otherwise enclosed within microminl,_ture systems can prove ;t

difficultproblem. Four suggested methods are considered but each

has its limitations. The Peltier-junction refrigeration system is a
classic heat-pump most cor_patible with microminiature un!_s; a

mlcrojunction comparablt in size to a mlcrotransistor will dissl°

p_te the heat from five such tr_.nsistors. Typical constructions are

described (usually semiconductors) and operating parameters,

automatic control and most suitable materials are discussed, i.e.

p-type Sb, Pb, Bi tellurlde; n-type Pb and Bi tellurlde; Cr-constantan

SboBi, Bl telluride thermocouples. Overall electrical eHiciency l$

increased by obtaining the necessary current from Scebeck generators,

positioned in the hotter regions of the equipment. E.H.Dock

THERMOELECTRIC POWER OF QUENCHED PLATINUM.
23466 J.Polag and K.Milek.

Czech. J. Phys., Vol. 12, No. 6, 492-3 (]962),

Preliminary experiments on the effect of quenching and work

haroening on the thermoelectric power of annealed platinum wire,

P.A.Walker

20343 SEMICONDUCTING PROPERTIES OF SILVER

TELLURIDE (Ag2Te). O.B_ttger and W.Melster.

Ann. Phys. (Germany), Vol. 9, No.7-8, 367-81 (1962). In German.

The results are given of the measurement of thermal e.m.L1,
conductances and llalleffect parameters, for bulk samples

(4 mm× 4 ram× 30 ram) over the temperature range +20" to -190"C.

The influence of small departures from exact stochiometrl¢ propor*
tions is reported. An energy level system is proposed upon which
the results can be explained. J.Mtttr

14964 METHOD FOR THE DETERMINATION OF THE TIME
CONSTANT OF THERMOCOUPLES.

E.Gehrmann and I.Schusta.

WlSs. Z. Hochsch. Elektrotech. llmenau (Germany), VoL 8, No. 5,419-21 (1962), In German.

Discusses the difficultieswhich arise In determining the res-

pon_e time of thermocouples. These arise mainly from the neces-

sity to amplify without distortion a small signal over a frequency
band ranging from d.c. to 50 kc/s. An arrangement is described

which incorporates a d.c. amplifier with a gain of 300 and which is

convenient for couples with an intermediate time constant.

_-R.Parker

i 15640 BISMUTH-ANTIMONY THERMOJUNCTIONS.

D.C.K_ne.

Prec. ]ow_ Acad. $ci. (USA}, Vet. 6_, 451-5 (1962).

Hign purity bismuth and antimony were deposited by evapora-

tion under high vacuum in separate processes onto glass substrate8

to form thermojunctions. $ubstrate cleaning methods, and means

of attaching leads are mentioned. Measurements of the thermal

e.m.L produced are discussed. Devices for regulating and measuring

the temperature of the substrate in order to lind the e.m.(.-tempera-
ture relationship of BI-Sb thermojunctlons are also discussed.

e_ b3
14'
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lalSl v etaul_ aa_. .......
IEON DUIRNG Pf _._1"IC I::,',kO![MATION, N.A.Karelln.

Ftz. Metallov ! Met_lloved,: tc [t_!_), Vol. in, No 5, 763-5

(May, 1962). In Rus._hm. gm:,sh _" ,9alien In: physics of
Metals and Metalloj;raphy (GB), Vo_ 13, No. 5, 118-20 (1962;

publ. March, 1963).
Annealed mild steel wires contxlnlng 0"14,% C were

deformed by rolling, shearing and stretching. In all eases

the form of the thermal e.m.f, versus deformation curve is the

same; for small deformations the (negative} e.m.f. Increases

linearly and rapidly with deformation; at larger deforma-
tions the e.m.f, still increases linearly with deformation but
It increases more slowly. The change-over point is dependent

upon the annealing conditions but occurs at the same e.m.f.

1 values in extension and In rolling. M.A.TT_orl. _ r_

36463 TIfERMOELECTRICITY. Frank E. Jaumot0 Jr,

{General Motors Corp., Kokomo, Ind.). Adv. ElectroL

Electron Phys., 17: 207-43{196_J.

A review of the principles involved in thermoelectrlelty

Is presented with particular emphasls on gaps in tlm pres-

ent knowledge of the phenomenon. The materials systems

of greatest interest and the approximate temperature at

which the system appears to be most useful are reported.

The figure of merit, materials fabrication,and device de-

sign are considered. The theoretical parameters involved

and their effects on thermoelectric cell development aro

discussed. Applications of the thermoelectric cells are

also considered. (C.E.SJ /V" % _ ¢ _ ._

ELECTRICAL PROPERTIES OF TITANIUM CARBIDE-

/"18649 TITANIUM NITRIDE ALLOYS.

S.M.L'vov, V.P.Nyemehenko and H.V.Samsonov.

Ukrayin. fiz. Zh. (USSR), Vol. 7, No. 5, 331-5 (1962). In Ukralnt_m.
The concentration dependence of resistivity, Hall constant,

thermal e.m.f, and thermal coefficient of resistivity for alloys in •
TiC--TiN system were investigated. According to the data obtained

the electrical conductivity of the edge phases and all the intermediate

alloys in the system are mainly dependent on the titanium 4s-electronS
and to some extent on the 3d-band holes, the latter become more

signiUeantwithtransitionfrom TiCto _. /;t4 _(,2--

9913 THE ELECTRICAL PROPERTIES OF BROMIDE-DOPED

SELENIUM WITH THALLIUM ADDITION.

L.Gombay, J.Gyulay, J.Kisp_ter and J.Lang.

Acta. phys. chem. Szeged. (Hungary), Vol. viii,No. 1-2, 30-45 (1962).
In German.

The lemperature dependence offelectrical conductivity •r_

thermoelectric power were determined for polycrystalline selenium

layers which had been annealed at 120 ° C. Similar measurements

were made on selenium doped with various concentrations of Br

Tl, and with both the latter elements. The hole concentration and

mobility of the materials was evaluated from the results. These

suggest that thallium bromide is formed and that only the excess'

Impurity inIluences the electrical properties of selenium. The

irffluenceof bromine is enhanced in the presence of a small concen-

tration of thallium bromide. _._ i?.R.Parker

/ TIIERMOELECTRIC AND ELECT_tIC pROPERTIES

_/8"162 OF TIIE SECTION ZnSb-CdSb.

V.Ye.Shmayevs'kyi and T.P.Metfl'.
Ukrayin. flz. Zh. (USSR), Vol. 7, No. 3, 294-e (leez).

In Ukrainian.
The temperature relationships a and o are determined for

equilibrium alloys on the section Znb'b--CdSb. Itis shown that
annealing has a substantial effect on the properties of the specimens.

The conclusion Is drawn that at a temperature above 150°C there
occurs an ordering of the solid solutlon which contains 50 eel.%

Zn_ and 50 me,.% CdS,. i_ r_' (o*"



TliERMOCOUPLE MATERIAI._.
!1611 F.R.CaIdwelL

Nat Bur Stand. Monogr (U:;AL No .i0, 43 t;P (i962).

Thermocouplemate_ials are t,)t,.,_h,t d_r_.,t _re uscdprimarily
as immersion temperature :;ensors m the range from 0°C up.

Included are the conventional therm ,couples that ',re survived since

the beginnings o! the art of thermoelectric temperature measure-
ment, newer noble metal thermocouples, and thermocouples el

refractory metals for use in the extreme range for immersed
sensors. Thermocouples for thermoelectric generators are not
considered, nor are the types commonly used chiefly in radiation

receivers such as those containing antimony, bismuth, and their
alloys. Because of the wide use and increasing popularity of

ceramic-packed thermocouples in metal sheaths, they are included.

Limitations of the thermocouple wires are given as to range,
stability, environment including atmospl',ere, magnitude of thermo-
electric e.m .t.,and accuracy el commercially available materials of

standard and extra quality. In addition, properties of the separate

elements that are pertinent to the selection or use of thermocouples
have been compiled. Among these are: chemical behaviour,

mechanical properties, specific heat, density, thermal conductivity,
thermal coefficient of expansion, emissivity, electrical resistivity,

and magnetic and catalytic properties. In the case of the ceramic-
packed thermocouples the following properties are presented:

temperature range of the sheath, mechanical properties of the sheath,
kinds of packed insulation, resistance between thcrmocouple wires

and between wires and sheath, minimum bending radius of the
packed stock, gas-tightness of the packed insulation, and types of

measuring junctions available, I.e., grounded, ungrounded, bare,

totally enclosed, stagnation mounting, etc. Not all of the above
information is presented for all thermoeouples, but all that is

readily available In the general literature, catalogues, and by
private communication is included. Limitations on use of thermo-
couples normally are given in the text, and properties of the

materials generally are presented In tables. -ts-'_a (0"_ "/

THERMOELECTRIC POWER OF VANADIUM

"18761 PENTOXIDE UNDER THE ACTION OF NUCLEAR

RADIATION. I.Maxim and L.RII)co.

Stud. Cercetari Fiz. (Roumania), Vol. 13, No. 2, 289-95 (1962).
In R(m martian.

8574 ON THE DEPENDENCE OF THE THERMOELECTRIC,

RESISTIVE AND PIIOTOELECTRIC CHARACTERISTICS

OF Cs-Sb LAYERS ON THE FORMING CONDITIONS. U.Hellig.

Phys. Status solidi (Germany). Vol. 2. No. 12, K296-K299 (196_|.
In German.

The characteristics of the layers were measured during the

forming process. The resistance rises with Cs content giving

maxima for Cs-Sb, Cs_Sb, and Cs,Sb, the photoelectric "yield

rising steadily with Cs content. The thermoelectric power gives

maxima for the above compositions but not all are observed for St

given specimen. G.F.J.Garllck

10894 EFFECTS OF A MAGNETIC FIELD ON THE THERMO-

ELECTRIC PROPERTIES OF BISMUTH-ANTIMONY

ALLOYS. R.Wolfe and G.E.Smith.

"Semiconductor" Conference, Exeter, 1962 (see Abstr. 6566 of 1963)

p.'/71-6.
The effects of a transverse magnetic field on the thermo-

electric properties of single crystals of bismuth-antimony alloys
were investigated between 77" and 295"K. Large increases in the
Seebeck coefficient and the thermoelectric figure of merit Z were

observed. With the direction of current flow parallel to the three-

fold symmetry axis, the Increases In the Seebeck coefficient S,
resistivity p, thermal resistivity 1/K and Z(= S_/KP) are greatest

when the magnetic field Is parallel to a bisectrtx axis. As the field
is Increased, the figure of merit rises to a maximum (as much as
2"8 times greater than the zero field value In (88%) Bl-(12q_) Sb at

220"10. In higher fields, Z decreases as S and _begin to saturate

and p continues to Increase with field. The field at which the maxi-
mum Z occurs Is proportional to T ='_ for (95%) B1-(5%) Sb and
to T s'e for (88%) B1-(12%) Sb. At 100*K this field is 1000 Oe for both

alloys. In the 5% antimony alloy, the Z at room-temperature was
Increased from 1"7× 10 "s deg C t to 3-0x 10" J deg C_ in a field of

16 000 Oe. The highest figure o! merit measured was 8"6x lff* deg C_
at 100*K In 1000 oersteds for the 12,% antimony alloy. The largs

changes with field in all of the measured properties are associated

with the presence of equal densities of high mobility anlsotroplc

fleetrons and holes. _'3/_ t(_ _L_

Bismuth Tellurlde and Some of Its Alloys, H.J.GOLDSM_). G.E.C.

J Science & Technology v 29 n 3 1962 p 158-67. Preparation and

physical properties of semiconductor Bt,Te=, and its alloys with
SbzTe3. and BbSe3; methods of producing polycrystalline at_l single
crystal material; electric, optical and thermal properties of
BLtTe_. are discussed with emphasis on characteristics In thermo-

electric applications. 54 refs. _".2" _
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"4694 MEASUREI_T_ NT OF FIGU!_ OF M_ :,iT FOR

TIII-.t_MOEL_CTRIC MATL:_L'_LS. '_ ,'_ettelbladt.
Elteknik (Sweden). Sol. 6, No. l, 13-15 (.I_n., 1! J3). In 3wedish.

A modification of the Battelil Memorial Institute method II

described. The voltage across the sample is measured when
current is first applied and when thern_l equilibrium is reached,
using the step of oscilloscope deflection when switches are closed.

H.Jefferson

Transport Properties of Bismuth Single Crystals, C.F.GALLO,
B-S-CHANDRASEKltAR. P.H.SUTTER. j Applied Physics v 34 n |
Jan 1963 p 144-52. Absolute Scebeck coefficient, electrical resis-

tivity, and thermal resistivity simultaneously measured on pure
bismuth single crystals of various orientations between approxi-
mately 80 and 300 K; parameters of overlap energy and Fermi en-
ergy. density of states effective mass of electrons and of holes,
separate electronic and lattice thermal Conductlvlties. actual in-
dex of tbermoe!ectr,c efficiency, and hypothetical _,optimum w in-

dex of thermoelectric efficiency were calculated. 47 refs. _._l_:_

/
20341 THE },IECHANISM OF CONDUCTION IN ORGANIC

SEI_IICONDUCTING POLYMERS.

A.V.Airapetyants, R.M.Voltenko, B._.Davydov and B.A.Krentsel t.

Dokl. Akad. Nauk SSSR, Vol. 148, No. 3, 605-8 (Jan. 21, 1963).In Russian,

The temperature-dependence of the specific resistance and.

the differential thermal e.m.f, in polyacrilonltrilewas measured,

and the effect of processing temperature _nd absorbed gases was

determined. The results are interpreted in relation to the nature
of the Carriers in polyacrilonitrlle.

R.F.S.Hearmon

20427 THE [THERMOELECTRIC] CONDUCTIVITY M_ICI_kNISM
OF FERROIV_AGNETIC Ni-Cu ALLOYS.

A.J.Schmidt and K.M.Koch.

Z. Naturforsch. (Germany), Vol. 18a, No. 1, 31-6 (Jan., 1963}.
In German.

The variation of thermoelectric power in longitudinal and
transverse magnetic fields was determined in nickel-rich Ni-Cu

alloys. In the low-field range there was a rapid decrease of the

thermoelectric power with fields applied along the temperature
gradient and an increase in fields normal to this gradient. Thlo
phenomenon is associated with the orientation of Weiss domains.

In high fields the change in thermoelectric power becomes more
gradual and Independent of the field direction. This is associated

with the increase in spontaneous magnetization. The relative changes
of power as a function of field follow curves which are somewhat

similar to those of the magnetoresistanee in these alloys. The con-
centration dependence of thermoelectric power and the influence o/
a magnetic field may be understood in terms of a contribution which

depends upon the spontaneous magnetization. R.Par_er

20422 THE THERMOELECTRIC POWER OF METALS.

P.L.Taylor.

Phys. Letters (Netherhnds), Vo!. 3, No. 5, 245-6 (Jan. 15, !963).
It is shown that a positive contribution to the thermoelectric

power arises from the presence of "Kohn anomalies" in the phonon
dispersion relations. Since a metal having a spherical Fermi

surface has such an anomaly for only one phonon wave vector,
whilst a metal having a multiply connected Fermi surface has at

least _even corresponding to each element of the surface, it is
predicted that this positive contribution should be an order of mag-

nitude greater for metals having such a multiply connected Fermi
surface. K.G.MaJor

• ' ,_ to
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i'/970 INVESTIGATION OF TIIE TIIER_OELECTRIC POWER
AND I_,AGNETOTIIEPd_IAL EFFECTS OF ALLOYS

THE CdSnAs2-21nAs system.

D.N.Naslcdov, S.Mamaev and O.V.Emel'yanenko.
Fiz. tvcrdogo Tela (USSR), Vol. 5, No. I, 147-50 (Jan., 1965)."
In Russian. English trar_lation im Soviet Physics-Solid State (USA).

The longitudinal and transverse Nernst- Ettingshausen coeffici-
ents and the thermoelectric power of CdSnAsa, In.As, and CdSnAst -

InAs solid solutions were measured at 100-600" K. In the compounds
electrons are scattered mainly on impurity ions and lattice vibra-

tions, while in the solid solutions they are scattered rmxinly on the
disordered structure defects. The eIfective electron mass deter-
mined from the thermoelectric power was the same in all samples

and an:ounted to about 0.045 me, where rno is the free-electronS.Chomet

/_'" d_'_ "5

Measurement of Thermal Conductivity Using Peltler Effect, IX
J.MeNELL. Brit J Applied Physics v 14 n 2 Feb 1963 p 113-16.
Modification of ltsrman "Z-meter" technique for measurement e_

thermal conductivity of thermoelectric materials; heat losses we
taken IntO account in _erms.I conductivity equation, and experi-
mental technique derived which enables losses to be eliminated;

theory is tested by measurements on specimen of FeSi-4% CoSt.

Properties of Pulled BhTe3 Single Crystal, K.AKIYAMA. Y.
OHODERA, S.FUJIWARA. T.NAKAJIMA. Nat Tech IReport v 9 n 1
Feb 1963 p 13-23. Data o_,alned at roomtemperature are presented I
on Hall mobility, resistance, thermoelectric power and carrier ]

concentration; temperature dependence of Hall mobility. 30 refs. l
In Japanese with English summary. _.7.._- ,_:2_

¢

818 (NP-13266) TIIERMOELECTRIC MATERIALS.

Final Report. Merton II. Bro<,ks, ed. (Titanium Alloy

Mfg. Div., National Lead Co., Niagara Falls, N. Y.L

Jan. 31, 1963. Contract No. NObs-78326, .82p.

Three humlred twenty'three Oxide, silicate, ,_nd metal

hydride combinations were prepared and fabricated into

test specimens by a variety of forming and firing tech-
niques. Of these combinations. 309 were _xamin.,,delec-

trically for Seebeck effect and resistivity from 600 to

1200°C; the remaining few failed in test. Titanium dioxide

plus 2.0. mole _o NblOi exhibited a Scebeck coefficient of

- 400 _v/'C and resistivity of 0.I ohm-cm over the entire

temperature range of test. Barium titanate plus 0.5

mol/_ Nb205 had a Seebeck coefficient of -1700 #v/*C at

750°C that increased _ magnitude to-3000 pv/'C at

1225"C; tbe resistivity of this composition is unknown

but is greater than 5 ohm-era. No p-type electronic semi-

conductor with consistent carrier type over the entire
temperature range of test was developed. Positive See-

beck coefficients of considerable magnitude were devel°

oped in ionic conductors; ZrOz-7 mol/C_ Y203 solid solu-

tlon plus 10 mol/C_ Nb_O_ exhibited a Seebeck coefficient

of ÷I000 #v/'C at 800"C that rose to *1600 ;.,v/'Cat 1100"C.

The electrical resistivity of this composition was also

greater than 5 ohm-era. In general, most oxide semi-

conductors examined were found to be ionic conductors;

Li2TiO 3 was the example of such a material. None of the

compositions tested gave indication of truly efficient con-

version of heat to electricity; the Tie 2 plus 2.0 molff/o

Wo20 s had an approximate figure of merit of 7.0 x 10"4/-C.

4800 IN-PILE THERMOELECTRIC POWER ME'ItS'IjR_-'MEN'I'S

OF GERMANIUM BOMBARDED BY FAST NEUTRONS,

M. Bartenbach, Z.Tomczak and J.Ko|odzleJczak.
Acts phys. Polon. {Poland), Vol. 23, No. 2, 189-95 (Feb., 1985).

The thermoelectric power and electrical conductivity of

germanium bombarded by fast neutrons in the reactor at Swlerk
were measured slmu_,taneoasly as functions of the irradiation time

in the neighbourhood of the Instrinsic region of conductivity. Using

the theory of thermoelectric power, the dependence of the thermo-
electric power on time of irradiation is calculated and compared

with experiment. A good agreement was found, indicating the eonsl*
stency of the theory of thermoelectric power and conductivity.
Some evidence was also found for the existence of four times the

number of minima in the conductton band of germanlum.E_ _ , _3
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5936 TillS"THERMOELECTI{IC PROPERTIES OF

At_SbTez- AgBiTez, AgSbTea- Pb.Teand- Sn're Systems.
T !.le, r.Takah._ma and T.Ono.

Japan J. appl. Phys., Vol. 2, No. 2, 72-82 (Feb., 1963).

Thermoelectric properties of AgSbTez- AgBiTe2, AgSbTe_- PbTe

and -:-;nTesystems are studied. In these alloys and also in AgSbTe_,

when prepared by the usual method of zone melting, the thermo-

electric power and electrical conductivity vary along the length of

the bar and the mode of variation depends strongly on the speed of

zone-passing. These facts are probably related to the mode of pre-

cipitationof AgaTe or Sb2Tej. The Hall mobility of AgSbTe_, which

does not contain the precipitate AgaTe , was found to change with
absolute temperature with an exponent of-0.7 and-1.3 for two

specimens. In AffSbTe;-AgBiTez and-PbTe systems, the electrical

conductivity decreases and the thermoelectric power increases with

increase of AgBiTez or PbTe content. Inthe AgSbTez- SaTe system,

the electrical conductivity increases and the thermoelectric power

decreases wi',,",increase of SaTe. The latticethermal conductivity

decreases with increase of AgBiTea in the AgSbTea-AgBiTez system
while ithas a broad minimum in the range of PbTe content trom 20

to 60% in the AgSbTez- PbTe system. In AgSbTez-SnTe the lattice

thermal conductivity increases with increase of SnTe. _/.t_ c (#"_

7177 THE THERMOELECTRIC PROPERTIES OF MIXED

CRYSTALS OF MgaGe_-,.
R.J.LaBotz. D.R.Mason and D.F.O'Kane.

J. Electrochem. Soc. (USA), Vol. 110. No. 2. 127-34 (Feb.. 1963).

A determination of the thermoelectric properties of the pseudo-

binary system MgzSi-Mg_Ge. The compositions investigated were
Mg=Si. Mg2Ge0.=Sto.,. MgzGeo.,Slo.,, MgzGe0.,Slo.,. Mg, Geo.,Sto.s, and

Mg_Ge. X-ray diffraction lattice parameter measurements a.,u/
differential thermal analysis measurements established the exis-

tence of complete solid solubility between MgaSi and MgzGe. Both

the lattice parameter and liquidus temperature show almost linear
variation with composition in this system. The melting temperature
of MgzSi was found to be 1070.t 5°C, while that of MgzGe was

found to be 1102 ° i 5_C. Electrical resistivity and Hall effect
measurements indicated that at 300" K the electron Hall mobflit_

in the mixed crystals is essentially the same as that of the pure
compounds. Maximum values obtained were slightly above 300 ¢m_/
volt sec. The forbidden energy gap appeared to vary monotonically

from about 0"78 electronvolt (eV) for Mg_Si to about 0.70 eV for
MgzGe. Thermal conductivity measurements on the pseudobinary

system showed that the lattice thermal conductivity of the solid
solutions is substantially lower than that of either of the pure com-

pounds at 300" K. At this temperature the lattice thermal conducUvlty
of Mg_Geo.6Sto., was found to be 0.0268 watt/cm "K. The maximum

thermoelectric figure of merit which could be obtained with these
materials is not as good as that of other materials now in use.

8573 EXPERIMENTAL VERIFICATION OF THE KELVIN

RELATION OF THERMOELECTRICITY IN A MAGNETIC .
FIELD. R.Wolfe and G.E.Smith.

Phys. Rev. (USA). Vol. 129. No. 3, 1088-7 (Feb. I, 1963).
The Seebeek coefficient (S) for a particular orientation of •

bismuth single crystal at 78°K changes by 40_ when a trans-

verse magnetic field (B) of 10000 Oe is reversed in direction

("lJmkehreffekt"). The Peltier coefficient (H) also changes by the

same proportion, but the field direction which gives the larger
Seebeck effect, gives the smaller Peltier effect. This is a verifica-

tion of the modilied Kelvin relation. II(B) ffi 'IS (-B). _3ft i (0"_/

10893 THEPAIOELECTRIC PROPERTIES OF DIPHASAL

SYSTEMS COMBINING As_Tej AND T12Se WITH SthTe3_

B_Te_, OR Sb_Se_. H.L.UphofI and J.H.Healy.
J. appl. Phys. (USA), eel. 34, No. 2, 390-5 (Feb., 1963).

Fourteen sample compositions, representing combinations of
AsaTe_ and Tl_Se with Sb_Te_, or Sb_Se_, were prepared and tested.

A number of the samples were amorphous while others were

diphasal Including both amorphous and crystalline phases. The

material parameters were structure-depende_t with room tempera°

ture parameters ranging from 7'2× 10 °- l'8x 10 ° t_ cm in reststivity_
3"1-1040/deg K in Seebeck coefficient magnitude, and 3"6-_9"0 nlW/

cm deg in thermal conductivity. _/_ _"_
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10897 HIE TIIERMOEI,E(; I:>IC ANOMALY AT 35"C IN
CIIROMIUM. A.R.Edwards.

Phil. Mag. (GB), Vol. 8, 311-22 (Feb., 1963).

The thermoelectric j_wer of chromium against copper was
investit:ated in the range 30-40°C using 20 specimens of chromium
varying in purity, grain size and state of strain. In all cases there

is a sharp fall in thermoelectric power as the temperature rises
throui:h -,. 35°C. For all high-purity specimens this transition

temperature is in the range 35.3 *0.8°C. The strength of the
anomaly is affected very little by variations in the interstitial

impurities nitrogen and oxygen, but is clearly influenced by small
strains in the material and by changes in grain size. The results

are considered in terms Of antlferromagnetic ordering and the
influence of internal stresses on domain structure.

UNCLASSIFIED

110290 STRUCTURAL INVESTICATIONS IN THERMOELECTRIC MATERIALS
(Period covered: January 1-March 31, 1963)
Pollak, P. I.; Conn, J. B. (et al)

Unclassified
Merck Sharp and Dohme
Research Laboratories
N0bs-88112
OR- 2

Investigation into the thermoelectric properties of
homogeneous quaternary systems with exploration of compositional

types: CUx(Zn, Cd, Hg) (Ce, Sn) (Se, Te)2 x is discussed.

"5847 NERNST EFFECT IN N-TYPE Gab'a.

S.J.Silverman, R.O.Carlson and H.Ehrenrelch

J. appl. Phys. (USA). Vol. 34, No. 3. 456-9 (March. 1963). '
The Nernst coefficient, the Hall coefficient, the electrical

resistivity, and the Seebeck coefficient were measured on Te- m..,_.

Se-doped GaSb between 60" and 800"I(. The two-minima eonductioa

band model, as applied to the present group off measurementS,
provides a qualitative description of conditions under which certain

scattering mechanisms will dominate the transport phenomena.

8514 MEASUREMENTS OF SOME ELECTRICAL AND

THERMOELECTRICAL PROPERTIES OF ANTIMONY
TELLURIDE FILMS. N.S.Rajagopalan and S.K.Ghosh.

Physiea (Netherlands), Vol.29, No.3, 234-42 (March, 1983).

Measurements of Hall mobility and conductivity at room
temperature and of the variation of resistance and thermoelectric

power with temperature were made on antimony telluride films
prepared by vacuum evaporation. Results of the measurements

show the presence of IntercrystalliSe barriers; the barrier height
reduces to one tenth of its value on heat-treatment. An increase

in Hall mobility is observed with thickness of the deposited films,
and in general a small increase is found after heat treatment.
Large increase in conductivity is obtained after heat treatment.

The thermoelectric power at room temperature reduces to one third
of its original value after heat treatment. The results obtained

are discussed. ?/t_ f_ -_

Criteria for Selecting Thermoelement MaterlalsforThermoelee-
tric Peltler Devices, F.HUNE1DI. ASItltAE J v 5 n 3 Mar 1963 p
80-2. Discussion of properties of metals, semiconductors and In-
sulators to estimate their values as thermoelement material; equa-
tion for figure of merit; semiconductors appear to remain most

favorable materials for use in thermoelectric cooling, _- ¢-/6_._
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AD-410 5_5 Divo 25

(TIS_P/JP) 0TS price $1.1_

_orthwester_ Technoloqlcal Inst., EvanSton. Ill.
THERMoEL£CfRIC pOWER IN NONbTuICHIOI_TRIC

ALPIIA-Nb2OSt
by R. F. Jannlnck and D. H. Whitmora. 29 Mar 63.

?p. TR£
Contract Nonr122816, ProJ. NR032 459

_EC Rapt. no. NP12698 Unclassified report

D-_rintors| (mThermoelectrfctty , Crystal
_.v r *t "

structure). ( lOxides, Thermoelectrlcl Y_, .

_tNiobium compounds, Oxides}, Powders, _eml-
conductors, Ions, Electrons, Entropy.

Thermoelectric power measurements have been
made on nonstoichiometric alpha-Nb205 over the

temperature range from 300 to 1270 K. The meal-
urements show that, for all compositionS in the

single-phase, alpha-Nb2OS-x region (0.0012 <_ •
0.1545). the majority charge carriers are

electrons. These thermoelectric power data have

been Interpreted in terms of a simple semi-
conductor exhibiting conduction in a narrow d-
band with the conduction electrons being assigned

an effective mass equal to four times that of the

rest mass. (Author) I_ 3

621.36S

8599 DETERMINATION OF SEEBECK AND PELTIER

COEFFICIENTS. R.Tougas.
Ingenieur (Canada), Vol. 49, No. 193, 42-5 (Spring, 1963). In French.

A method of determining $eebeck and Peltfer coefficients at

liquid-solid Junctions of metallic systems Is described. For pure
tin, it was found that o_ = 0.002 48 z 0.000 25 mV/" K and VLS= 0"001 24

• o.ooo12_t sob',c- Cdi_ i/'_

13262 MAGNETO-TIiERMOELECTRIC POWER AND

MAGNETOSTRICTION OF FeNt_ SINGLE CRYSTALS.

T.Mineglsht.
Japan. J. appl. Phys., Vol. 2, No. 3, 151-5 (March, 1963).

The change in thermoelectric power due to magnetization of

ferromagnetic substances, i.e. the magneto-thermoelectric power,
and linear magnetostriction at given temperatures were measured.

on sir, gle crystals of FeoNi alloy (about 24_ Fe). The single crystal
behaviour of magneto-thermoelectric power in these f.c.c, crystals
is similar to that of magnetostriction. The constants (E.)sm,

(E,.hn and Amo, ^zn which specify magneto-thermoelectric power
an_ linear magnetostriction in the k 100j and |ll lJ directions,

respectively, were determined. The magneto-thermoelectric power

depends on the orientation of the crystal axes and is always negative.
The numerical values obtained are as follows: (E,_)_ =-0"84 x 10 4

V/deg, (E_)n, =-0"53× life V/deg and Muo =8"4× I0"',

j%_,= 1.3 x 10" ,J#_'_ ( (_ 22)

t
10896 SIZE DEPENDENCE OF THE MAGNETO-SEEBECK

EFFECT IN BISMUTH-ANTIMONY ALLOYS.

M.E.Ertl, G.R.Pfister and H.J.Goldsmid.
Brit. J. appl. Phys., Vol. 14, No. 3, 161-2 (March, 1963).

It is pointed out that the Scebeck coefficient in a m,",gneti¢ field
should be very sensitive to the ratio of length to width of the sample.
Measurements made at 80 ° K in fields up to 5000 Oe arc presented

graphically for alloys containing 7% Sb and 5% Sb whose length-
width ratios were reduced from 2.55 to 1'39 to 0.71 and from 1"75

to 0.39 respectively. Results in the latter sample are compared

with a phenomenolo_ical theory. The significance of the observatlonl
to the design of Bt-Sb thermoelectric refrigerator elements Is
indicated. L.M. Roberts
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1,A40 THI.: TIIERr.IOI.;L_'tT[{I( tOW1 _ _'_'!{!_O'i_UMAND

VANADIUM. A.R '_tcl _,t, _...,_d w oill.

J. Ph/s. Che,_l. Solids (GB), _ol.24, 501 6 /'_t,rtl, 196q.

rhe thermoelectric po._cr tn t_re _ i,_'_ ,::_;., ,tnd _,u_,lium was
me,_sured between 4.2" and 340°K and fo'a_J, to be positive in both

metals over the whole temperature r_ge. Maxima in Lhe curves

o_ thermopower against temperature at low temperatures are
Interpreted in terms of a phonon drag component. An anomaly in

the results for both monocrystalline and polycrystalllne chromium
at the N_el temperature is interpreted in terms of the Lidtaxd-

Overhauser model of conduction-electron antfferromagnetlsm.
liysteresis in the measurements on chromium over the whole tem-

perature range is attributed to the effect of antiferromagnetic
domains. An anomaly in the thermopower of vanadium at approxi-

mately 217"K is attributed either to a transition to an antfferro-
m_guettc state or to a structural phase tr_nsitton, possibly involv_

ordering impurities. Experiments for distinguishing between these

posstbtUttes are suggested, p_ _.._

Negative Thermoelectric Figure of Merit in Magnetic Field. R.
WOLFE, G.E.SMITH, S.E.HASZKO. Applied Physics Letters • 2 n
8 Apt 15 1963 p 157-9. Negative values of figure of merit, Z. of
single crystal of bismuth at ?8 K in transverse msgnetle field; R
is shown that same specimen may behave as n-type material in

Seebeck measurement (or thermoelectric generator) and eta p-type
material In Peltier experiment (or thermoelectric refrigerator)
and that concept of unique thermoelectric Z Is, in general, not valid

in presence of magnetic field. _ _ ._

9526 CHARACTERISTICS OF THERMOELECTRIC MATERIALq.
W.G.Evans.

Semiconductor Prod. (USA), Vol. 6, No. 4, 34-9 (April, 1963).
Emphasizes the characteristics of power generation materials

that make them useful in devices and that set limits on their use-

fulness. Various thermoelectric materials are discussed from the

viewpoint of: efficiency, figure of merit, life, cost, electrical and

mechanical properties, thermal and mechanical stresses, effect of
size, shape and weight, and causes of failure. E _I-_ '/p_

13138 THERMOELECTRIC PROPERTIES OF NON-
STOICHIOMETRIC BISM UTH - ANTLMONY - TE I_LU RIDE

ALLOYS. P. Bergvall and O. Beckman.

Solid-State Electronics (GB), Vol. 6, 133-6 (March-April_ 1965).

The thermoelectric properties of p-type alloys of the compost..

tion Bi2,Sbeo.=Te_o.=See were studied for 4_ x -<12. The lattlco

thermal conductivity is found to decrease when the tellurium

content is incre;tsed in excess of the stolchlometric composLtioa

• = 12, whereas the qu;u3titypo(m,/'m) sP is relatively constant.

A maximum figure of merit Zp = 3.2 x 10"I ('K)"I is found for x= |.

10031 SEMIMETALS AS THERMOELECTRIC MATERIAI_.- -

R.Wolfe and G.E.Smith.

Semiconductor Prod. (USA _, Vol. 6, No. 4, 29-33 (April, 1963).

Semlmetals, which contain equal numbers of electrons and

holes, have recently returned to the listof optimum thermoelectric

materials. Values of the figures of merit as high as 6 xl0"=/'K

have been measured at low temperatures on single crystals of the

semlmetallic bismuth-antimony alloys. Most of the properties o_

these materials are very sensitive to an applied magnetic field.

The figure of merit, for certain orientations and magnitudes of

magnetic field, can be more than twice as large as the zero field
value. Values of Z up to 8.6 x 10-=/_K have been measured in a liel_i

of 1000 G at 100=K. These results axe discussed tn terms of the

cooperative behaviour of equal numbers of high-mobility, antsotropt¢

electrons and holes, _.._ _(_3 81



24049 tNRL-Memo-td04) STATUS KEI_ORT ON

TIIEILMoELECTRICITY. J.W. Davlsson and Joseph

P,stcrnak (Naval Research Lab., Washington, D.C.). Mar.

1963. 107p.

Progress is reported on materials research and devel o

opmcnt including preparation of high-temperature broad-

band semiconductors, research on high-temperature semi-

conducting compounds for thermoelectric power generation.

structural investigations in thermoelectric materials.

studies'of thermoelectric properties of selenides and

teilurides, high-temperature metallurgy research on

thermoelectric materials, development of a semiconductor

film-type thermocouple converter, development of a
thermoelectric nuclear fuel element, preparation of a

Sr_0ofueled thermoelectric generator power source for

5w U. S. Coast Guard light buoy, testing of solar thermo-

electric panels, design and application of Peltier heat

pumps, module improvement program, and studies of bond-

ing Be-clad UOa fuel elements. (M.C.G.) _J _/_ f _0 -_

AD-406 693 Die. 17, 25

(TISTM/BflW) OTS price _.60

Du Pont De Nemours. E. I. and Co.. Inc..

MilmJngton. Del.
THERMOELECTRIC PROPERTIES OF SELENIDES AND
TELLURIDES OF GROUPS VB AND VIB METALS AND TIIEIR

SOLID SOLUTIONS.
0uarterly rept. no. 7. 1 3an-_0 Mar 63.

by W. T. lli_ks and H. Valdsaar. I May 6_. _Op.
Contract HObs84824, ProJ. SK 007 12 01. Task 802

Unclassified report

Descriptors: wSelenides. _Tellurldes, mSeml-
conductors, Intermetallic compounds, Tungstea
alloys, Selenium alloys. Lead alloys. Tellurium
alloys, Impurities, Tantalum, Sodium, Electri-
cal properties. Group V elements. Group VI

elements. Metals. High temperature research,
Resistance {Electrical), Thermal conductivity.

Thermocouples. Titermoelectriclty. Materials.

Calculations were made of.ideallzed efficlenclea

for various operating conditions and geometries
of thermoelectric nodules with segmented elements

of Ta-doped WSe2 in combination with Na-doped
PbTe. encapsulated in cons,an,an cylinders
serving as the n-type element. These calcula-

tions followed a 704-Computer program developed
in another organization. An efficiency of 9.6_
was calculated for the combinstion MO.98TaO. O2Se2

and PbTe • 0.3 at ._ Ns operating Is the
gradient 1000 to 2_ C. The power per unit volume
is 0.47 w/cc compared with 0.19 w/co for PbTe-

based modules. Studies of improved preparative
techniques for the diselenide$ were continued,

and doped lead telluride speclm=n_ were obtained
for assembly into test modules for direct experi-
mental measurement of efficiencles in an appara-
tus now completed. Observations on the thermal
decomposition of WSe2 indicate s measurable

pressure of Se at 400. which remains considerably
below 1 aim st 1OO C. {Author) //_

23029 X-RAY STUDy A_D TH.E._.MOELECTPdC PROPERTIES

OF THE W.Tat_,Sea SYSTEM. LH.Brixner.

J. Eleetrochem. Soc. (USA), Vol. II0, No. 4, 289-93 (April, 1963).

A wide range of compositions of the systbm were prepared
with x ranging from 0"I0 to 0"99, and X-ray parameters and pertinent

thermoelectric properties such as Seebeck coefficient, electrical
resistivity, and thermal conoMctivity were determined. Particular

emphasis was given to the range of x from 0"95 to 0"99, where
useful thermoelectric properties yielding figures of merit between
0.5-0.9 X 10 "t deE" are experienced at elevated ten_peraturea.

82



Physics of l'h_,rmoelectrlelty, It.WOI.FE. ,9.,mlcor_d,_,'t,,r l'_r,'_duets
v 6 n t 'wr 19',;3 . 23-8. Choice of optlnp.lm ihern_,_'h ,,trte mate-
tl/I]S lef|Ull't ''l m,:vrstandtng of such I_aslo prvpertl, -_ _Jt _euxl, on-
ducto_s as electrical and thermal conductivltlca as _,ell as _ arlous
thermoelectric _ ffccts; these propertl,,s, along _lththermoelectrlc

"t_gure of merit" _hich they dett, rmhm, are defused arid dts,:ussed,
first from phenomenological point of view and then In terms of
electron theory of semiconductors. _ .F_"_ "On Relationship between "Resistivity and Thermo--e.m.f., D.

SMART, E.SMAR'r. Phtlosopbacal Mug v 8 n 88 Apt 1963 p 643-50.
Qualitative indications are given that for number ofthermncouples,
relationship between resistivity and thermo--emf Is fairly simple;
under certain conditions Mott's equation for thermo-power Is di-
rectly lntegrable and leads to equation for couple of metals A and
B. with Junctions of Tj, T_; data for Pt and Cu are consistent wl_
equation and data for Borne other nontransltlon metals are not In-
consistent. _.._f " _ ._3

Thermoelectric Properties of Some Transition Thermoelements
in Common Use, D.I).POIA.OCK, G.I?.CONAItI),II.Met See AIME_

Trans v 227 n 2 Apr 1963 p 478-82. Abbreviated method Is given
for obtaining Mott _nd Jones approximation for ai_solute thermo-
electric power of metals; when this Is applied to thermoelements
t_ con'.men use, It is found that their .at)solute electromotive forces '
are lint.at functions of temperature; this explains why couple_ In- _¢13143

relying transition thermoelementl_ are preferred for mt.asurement

Of elevated temperatures. _.j ,,(_ _9)

22956 A NEW SEMICONDUCTOR PIIASE OF TIIE ZINC-

ANTIMONY SYSTEM.

Ya.A.Uga'/, E.M.Averbakh, yu.Ya.Gukova and V.V.Lavrov.

Dokl. Akad. Nauk SSSR, Vol. 149, No.6, 138'1-9 (April 2t, 1963).

In I_ussian.
Describes preparation and investigation of a new semiconductor

intermetallic phase 3-Zn,Sb_ obtained in single-crystal form {it Is

possible to purify it by zone crystallization}. Conductivity and
thermoelectric power measurements are reported for a range o_

temperatures in zone crystallized and cooled specimenS.J K.Skwlrzynsk.i..._
" ,_tl _'"_

_/20336 ELECTRICAL PROPERTIES OF NICKEL- ZINC

FERRITES.

A.G.Rustamov, A.A.Samokhvalov and I.G.Fakidov.
Fiz. tverdogo Tela (USSR), Vol. 5, No. 4, 1031-9 (April, 1963). In

Russian. English translation in: Soviet Physics -Solid State (USA).
To find the mechanism of electrical conduction and to deter-

mine the energy spectr'am of electrons, as well as the relationship
between electrical and magnetic properties of complex 3d-_xtdes
the electrical conductivity, permittivity at microwave frequencies,

thermoelectric power, ltall effect, magnetoresistance, saturation

magnetization and paramagnetie susceptibility were measured as s
function of composition and temperature. From the information

obtained on the parameters of carriers the possible mechanisms of
electrical conduction are deduced. S.Chomet

er_ b'_

" 343:]6 THERMOELECTRIC POWER SYSTEMS. N.F.

Schuh. Astronaut. Aerospace Eng, 1: No; 4, 80-3(May

19631.

Improvements in mechanical strength, contacting tech-

niques, heat transfer, and utilization of available materials

for improved conversion efficiency and overall In thermo-

electric power systems are reported. Pb-Te, Ge-SI, and

Ge-Bi-Te alloys are the thermoelectric materials con-

sldered. (C.E.S.) )tff_ P{_'_

THERMOELECTRIC POWER OF NaCl CONTAINING

CdCla. P..W.Christy, Y.W.Hseuh and R.C.Mueller.

J. chem. Phys. (USA), Vol. 38, No. 7, 1647-51 (April I, 1963).

'rhe thermoelectric power of NaCl has been measured a_s

a function of temperature between 550"C and the melting polnt,

using P_.-metal electrodes. Measurements were made on pure

mater!_, and also on m.'-tcrtaldoped with 0"1% CdClz. Com-

pared with the theory of Howard and Lldiard, the rczults yield
a value of the order of - I eV for the sum of the cation and

anion vacancy heats of transport, although the accuracy Is

low because of reactions occurring at the electrodes and .'_

_ncertainties in the ratio of defect moblltties. ,_I

_2_i8_ URANIUM COMPOUNDS AS TIIERMOELECTRIC

MATERIALS. i.H. Warren {Univ. of British Columbia,

Vancouver). Can. Mining Met. Bull.. 56: 288-98(Apr. 19631.

" The properties required for a compound to form useful

thermoelectric materials are described. Uranium com-

pounds that might have the properties are reviewed. Sev-

eral of the compounds were prepared and fabricated into

compacts. The apparatus used for hot pressing, and for

the measurement of thermoelectric power, electric con-

ductivity, and thermal conductivity, Is described. Detailed

attention was given to the properties of the nit.rides. Pre-

liminary studies on a number of other U compounds are

reported. The figures of merit of the best materials so

far examined are one-tenth of those necessary for a useful

thermoelectric material. {auth) _ ¢_';_

Theory of Materials for Thermoelectric and Therrnomagnetlc
Devices, R.W.UBE. Jr. IEEE--Proe v 51 n 5 May 1963 p 699-715.
Relation between device performance and properties of materials
such az electron mobility, density-of-state, effective mass. en-

ergy gap, and thermal conductivity° for device using classical
Seebeck and Peltier effects; conditions under which magnetic field

effects are important are evalusted. 54 rds, _'L"/'u
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22940 SE_IICOI_DUC flNG PI{OPEIVFIES OF CADMIUM OXIDE
PO'_ DEI'_. Y.Colirt and R.Tufeu.

C .R. Acad. Set. (FraJ_cei, Vol. 256, No. 20, 4195-8 (May 13, 1963}.

In French.
Thermoelectric power and resistivity were measured as a fune-

lion of ienq_rature (77-4C0°K) for pressed powder samples Con-

taining either excess cadmium or excess o._gen. The results

indicate the presence of both impurity .and lattice scattering, with
a transition point between the two depending on stolchlometry.

D.L.Greenawa_

120346 SOME ELECTRICAL PROPERTIES OF THE INTER-

M_.TALLIC COMPOUND e-ZP_Sb_.

Ya.A.Ugal and E.M.Averbakh.
Ftz. twerdogo Tela (USSR), Vol. 5, No. 5, 1291-2 (May, 1963). In

Russian. English translation in: Soviet Physlcs-Solid State (USA).

The temperature dependence of the electrical conductivity and

thermoelectric power was obtained at 20-470°C for polycrystals of

stotchiometrlc e-Zn_Sbz obtained by slow cooling of the melt.

The polycrys*als were p-type semiconductors with a lorbiddett
bandwidth of 0-2 eV. The Halt eifect at room temperature gave the

hole mobility 200 cm _ V-' sec-'. The observed discontinuities of the

thermoelectric power at 405 and 437"C are d-v to phase transitions
S.Chomet

Effects of'Transition Metal Solutes on Thermoelectric Power of

Copper and Gold, E.L.CHP.ISTENSON. J Applied Physics • 34 n $
May 1963 p'1485-91. Thermoelectric powers terEp) of Cu alloys
Containing dilut.e amounts of Fe, Co, or Cr and up to 10 at.% Mn
or Ni measured between 4.2 and I000 K; similar alloys of Au

measured between 4.2 and 100 K; individualsolutes produce com-
parable effects in either solvent; all of solutesexhibited minima

in TEP vs temperature data; several of alloysexhibited maxims

in 4.2 K region, similar to results obtained by others with non-

transition solutes 7 .............. _-/ _)'_

/13139 EFFECTS OF TRANSITION METAL SOLUTES ON THE

THERMOELECTRIC POWER OF COPPER AND GOLD.
E.L. Chrtstenson.

J. appl. Phys. (USA), Vol. 34, No. 5, 1485-91 (May, 1963).

The thermoelectric powers (TEP) of copper alloys containing

dilute amounts of iron cobalt, or chromium and up to 10 at. ,%
manganese or nickel have been measured between 4-2 ° and 1000"K.

Similar alloys of gold have been measured between 4.2" and 100°K.
The individual solutes produce comparable effects in either solvent.
In copper, 0.1_ iron produces a minimum TEP of -14 _V/deg K

near 20°K. A similar level of cobalt produces a TEP of -10 _V/deg K
near 200°K. All of the solutes measured exhibited minima in the

TEP versus temperature data, but nickel, manganese, and chromium
are much less effective than eobaR or iron in altering the TEP o_

copper. The thermopower does not increase indefinitely with
concentration, in gold, iron produces its maximum TEP at about

0-2 at. % concentration, cobalt at about 2%c. Several of the alloys
measured also exhibited maxima in the 4.2K region, similar to

results obtained by others with nontransltion solutes. Resistivity
counterparts for these TEP- temperature curves have been pub-

lished earlier (Abstr, 11605 of 1961). (_A,I {,,5
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13011 T_;_,ORY {iF rHEP_.{OELECTRIC POWER IN

LOW-MOBILITY SEMICONDUCTORS.

M.M.Cb_dd.t ,andA.P.B.Sinha.

Indian J. pure appl. Phys., Vol, I, No. 5, 161-3 (May, 1963).

Investigates the thermoelcctrlc properties of low-mobility

semiconductors, in which the charge carriers are localized and the

electrical conduction takes place through their hopping motion. The

heat of transport (Q*) and the energy lowering (_)due to the polarl-

z_tion of the lattice shown to be related by the expression

Q* = _,-¢, where _, and ¢, are respectively the components due

to polarizations associated with the ions in the hot and cold p_rts

of the semiconductor. It is shown that the conribution of Q* to the

thermoelectric power can be appreciable in some cases. The

v_lues of Q*/_ are theoretic_.llyevaluated for a face-centred cubic

crystal for certain select directions of temperature gradient.

•LelLfaehtgkelt und H•llkonstante--26, W.KOESTER, W.GMOEHL-
L_G, D.HAGMANN. Zelt fuer Metallkunde v 54 n6 June 1963 p 325-

30. Electric conductivity and Hall effect,includingtemperaturede-

pendence, and thermoelectric power of binary •olld •olutlons of

palladium with 2-10C at._ of plata•aimor rhodium or 2-20 ate% of
molybdenum or vanadium were determined; result•ere discussed

in term• of electron exchange between solute atoms and conductlv-

ity bands of Pd; all additions changed sign of temperature coeffi-
cient of Hall effect 33 rail. ¢._..Z: • _ -_

Experiments with Peltier Junctions Pulsed with High Transient
CurrentS, M.IDNURM, K.LANDECKER- J Applied Physic• • 34 n 6
June 1963 p 1806-10. Experimental method used for inve•flgntiom
of bismuth telluride JuncUon; it is very likely that accuracy of
measurements Cannot be expected to be improved as long as gTown

cr)-stalline n and p branches are used; it i• hoped to produce sin-
tared Junctions of more suitable shape and greater mechanical
nU_n_.h for further experiments. _ ..Z""/_-_

AD-405 85_ Ofv. 25, 9
(TIST_/q_H) OTS price $.50

Naval Research Lab., Washlngto•, D. C.
A BRIEF SURVEY OF ELEMENTARY THERMOELECTRIC
THEORY,

by William H. Lucks. 3 May 63. 15p.
NRL 5888

U•clsssified report

Descriptors: nThermoelectricity, eE!ectrons.
Theory. Transport properties.

The three fundamental effects of thermoelectric-

lay - Seebeck, Peltier. end Thomson - •re pre-
sented and the corresponding coefficients •re
defined. Following a simplified derivstio• of
the Kelvin relations. • more sophisticated •nd
detailed presentation of the irreversible thermo-
dynamic approach to these relations is made. It
is demonstrated that these relations are valid is

spite of the arbitrary assumptions as the
separ•tion of thermal and electrical conductio•
made in the former derivation. Next. • brief
summary is given of s derivation of the expres-
sion for the Seebeck coefficient based ca •

quasi-free electron model and simple energy de-
pendence of ss isotropic relation time. |s

closing, the attempt to apply band theory to the
search for better thermoelectric materials is

briefly described and some interesting ideas for
improvement are mentioned •long with criticisms

concerning predictions of the maximum possible
figure of merit. (Author)

20426 THERMOELECTRIC POWER OF P-TYPE GERMANIUM

AS A FU/_C_I ION OF THE CARRIER DENSITY AND

TE MP_-RATURE.

M .N.Vinogradova, O.A.GoliJ;ova, I.N.Dubrovs,_aya and B.Ya.Mo_zhes.

Fiz. tverdogo Tela (USSR), Vol.5, No. 6, 16S?-67 (June, 1963). In

Russian. English translation in: Soviet Physics--Solid State (USA).

The power was determined over the carrier density range

n=7×10 -7_10 cm- at 300-950 K. The discrepancies between the

theoretical and experimental values of the'pe#er at n>10 _ cm 4

and T : 30C°I_, and at T _>3_t.°K at lower carrier densities are due

to the deviation from the quadratic dlspersion law with increase of

the energy. This explan_,tion agrees with measurements of the

electrical conductivity, Hall coefficient,and thermoelectric power

n the near-intrinsic,conduction region. S.Chomet

Selection of Melting Points and Energy Gaps for Optlm;_ pe_'_-
formance of Thermoelectric Materials, N.SCHWARTZ, W.TAN-
TRAPORN. W.J.Van der GRINTEN. Advanced Energs"Conve_ion

v 3 n 2 Apr-June 1963 p 419-25. It Is recommended that materials
for use in thermoelectric cooling, and particularly in power gen-
eration, be selected for operation invicinityoftheir melting points

and that,through solid solution alloy/ng accompanied bydisordered

mass scattering on sub-lattice, their energy gap be ad.tusted to
specified value at this temperature; theoretical investigations pro-
dlct strong temperature dependence of phonon thermal conductlv-
Ity as function of melting temperatttre, _" b
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20337 INVESTIGATION OF TIIE CARRIER MOBILITY IN

NiO WITI! Li IMPURITY.

Ya.M.Ksendzov, L.N.Ansel'm. L.L.Vasil'eva and V.M.Lat_sheva.

Fiz. tverdot;o Tela (USSR). Vol. 5, No. 6, 1537-47 (June, 1963). In

Russian. English translation in: Soviet Physics-Solid State (USA).

A study was made of the electrical conductivity, thermoelectric

power and Hall effect of solid solutions Li,Ni_ .O with 0"01 _ x _ 0.2

in the temperature range from liquid nitrogen to 300"C. The experi-

mental data are satisfactorily explained within the framework of the

usual energy-b.'uld model with a narrow polaron band (formed by

holes at Ni'" levels) .'v_daceeptor levels lying0"2 eV or more

(depending on the concentration of lithium) above the Ni _ levels.

allowance was made in calculations for the partial compensation of

17972 ANISOTROPIC TIIER_iOELECTRIC POWER OF A_Sn.
J.-P.Jan and W.i_. Pearson.

Phil. l_iag. (GB), Vol. 8, 911-17 (June, 1963).

The absolute thermoelectric power of single cryst.31s of AuSn
was measured between 2-5 ° K and room ten_perature for various
orientations with respect to the hexagorL_tl axis. The results exhibit
a very pronounced anlsotropy. A maximum is found in the a

direction around 250 K and attributed to anlsotropic phonon-drag
effects. The temperature dependence and the ardsotropy are dis-
cussed, and some speculations are presented regarding the elec-

t_onlc structure of AuSn. _,_ (_

25246 PHONON-DRAG SEEBECK EFFECT IN A STRONG

MAGNETIC FIELD. T.OhtL

J. Phys. Soc. Japan, Vol. 18, No. 6, 909 (June, 1963).

A quantum theory is outlined for the phonon-drag thermo-

electric power Qp(H) of a pure semiconductor in a magnetic field

which is so strong that the carriers are all in the 1o_est Landau

level. Itis assumed that the phonon energy is negligible compared

with the magnetic energy of the carrier, and only the role of

acoustic phonons is considered. Longitudinal and transverse mag-

netic fields are separately considered, and expressions are obtained

for the ratio Qp{I-i)/Q_(0),where Q_(0) is the zero fieldvalue.
L.M.Roberts

Thermal Conductivity of Molten Cu_So.zsTee._ and Molten Cua_
E.W.JQHN_N, R.L.READAL. Advanced Energy C¢_nve_'sloa • $
n 2 Apr-June 1963 p 407-18. Experimental measurements for
liquid CuaSo._Tee._ semiconductor for thermoelectric energy oon-
version at temperatures above I000 C are reported for tempera*
ture range 1040 to 1310C;correcteddats are presented for thermal

¢;undu_tt vity of molten copper-rich cuprous sulfide at II00 to 162_. _

Preparation and Thermoelectric Properties of,_-Ag_Se. R._,gDN,
R.C.BOUBKE. E.H.LOUGIIER. Advanced Energy Conversion • 3,.2
Apr-June 1963 p 481-505. Thorough investigation of properties of
variously doped polycrystaillne and slngle-crystalllne specimens of
silver selenide ispresented, made with purpose of clarffylngther-
moelectric behavior of compound, with ultimate aim of determin-

ing its suitabilityfor use as thermoelectric cooling m_'Jfal_

UNCLASSIFIED

115366 STRUCTURAL INVESTIGATIONS TN THERMOELECTRIC MATERIALS

(Period covered: April l-June 30, 1963)

Pollak, P. I.; Corm, J. B. (et al)
Unclassified

Merck Sharp & Dohme
Research Laboratories
NOba-SBl12

QR-3

Temperature curves of resistivity and Seebeck coefficient

for the defect quaternary Cul2Cd6Sn6Se23 show an almost discontinuous

anomaly in the range 125-175"C, characterized by a_rupt increase in
resistivity and decrease in Seebeck coefficient. The anomaly is

not accompanied by any phase-change detectable by differential thermal
analysis. It is postulated that the effect is caused by emptying of
electron traps.

$6



t
20,123 _I¢.IPI.EEVALUATION OF TIIE I_I',_IMUM TIIERMO-

E I.LC l'lilCl;'IGUl(t.:(IF blElllI',_,'#iiIIAPPI Jt;_,i ION TO

hliX(-:DC',(YSI 'tLSSnSj r_r I.D.W _',,"r_,:rW A!Icl .(i'dC.Ifa_ts.

Solid-State Electronics (i,ri),V,)I.6. N_. 3. :'_;I-.I(M.iy-June, 1963).

Tl',_' ,'llJlir(JXlm_ttc m_ximtlm fi_,.ireof ni_lit ,_,,'_lh'ul:itcdby

.Ioffe(1957), /.,-ClkT/q)(p/).)e'N,, may be rewritten as z j=

(2k/eq)2(o/_) cxp (q_/k), where _ :tad J are the Scebcck coefficient

_Ld electric :tlcond-ctivity of any non- degenerate and extrinsic sample

o! the semiconductor investigated; x is the latticethermal conduc-

tivity.The secor.d equation makes itpossible toevaluate z easily and

without knowledge of the values of the scattering parameter r and

the effective density of states N,. In an Appendix it is shown that

the rigorously calculated maximum of the dimensionless fiN,'tlreol

merit zT is mainly a function of zjT. Room-temlx)rature values ot

zjT are given for p-type mLxed crystals ,_,fSnS and SnSe. From

0.28 for SnS, zjT rapidly decreases to about 0.14 for SnSo.,Seo.q

and then slowly increases to 0"15 for SnSe. l'"_ _ ._

8488 DEPENDENCE OF THE ELECTRICAL CONDUCTIVITY

AND T.HERMOELECTRIC POWER OF PURE AND

ALUMINUM-DOPED RUTILE ON E.._UILIBRIUM OXYGEN

PRESSURE AND TEMPERATURE. J.YahL1t.

Phys. Rev. (USA), Vol. 130, No. 5, 1711-9 (June l,1965).

The electrical conductivity a and thermoelectric power Q were

measured as a function of equilibrium oxygen pressure in crystals

of pure and Al-doped rutile. The pressure was varied over the range

10"_ mm Hg to _-10_ mm Hg with the temperature held constant at

several fixed values inthe vicinity of 1000°K. The electrical

conductivity of the pure material varied with pressure according

to the relation ocrp -_', _.'ith x_6 for p_ 10 mm Hg and x_5 for
p( 10 mm Hg. For the Al-doped crys',al, a reached a minimum for
p =Po mm Hg. At low pressures o followed a relation of the form

-i/ffi ,_
acrp t_ with x 5, whereas at high pressures a relation of the form
acrp" with x'_5 was obeyed. The thermoelectric power exhibited

a reversal near Po, being negative at lower pressures and Positive
for P_Po. For pure rutile a defect model involving anion vacancies

and estimated values of equilibrium constants leads to a pressure
dependence of the conductivity: ac_p'_, whereas for a model
involving titanium interstitials the pressure dependence is ocrp "_

On the basis of the present measurements it seems that for pure
rutlle the anion vacancy mechanism obtains at "high" pressures
with the titanium interstitials mechanism predominating at "low"

pressures. For Al-doped rutile, both the anion vacancy model and
the ttianium interstitials model are shown to give rise to approxi-

mately the observed pressure dependence of conductivity. The
anion vacancy model equations are solved in detail (assuming
certain values of the equilibrium constants). The titanium inter-
stitials model equations are not solved explicitly for this case but

it is shown that for a certain combination of reaction constants the

observed pressure dependence may be approxiinated. Assuming •

two-band formalism to be valid--and therefore_ a formalism into I
which the results derived from any defect model must fit--the data

are analysed and it is shown that reasonable agreement with obser.
ration results. Some indications that hole mobilities at 1000_K are

considerably larger (_ 180 cm_/V sec) than those of the electrons

are discussed. Assuming high-temperature polar scattering to
obtain, a hole effective mass 10 "_ mo (where mo is the free-electro_

mass is deduced as a consequence of the mobility calculations.

f

20471 FUNDAMENTAL OPTICAL ABSORPTION, ELECTRICAL

COI',T)UCTIVITY, AND TIIEP,A_OELECTRIC POWER OF

CALCIUM OXIDE. H.H.Glascock, Jr, and E.B.Hensley. "

Phys. Rev. (USA), Vol. 131, No. 2, 649-52 (July 15, 1963).
The opacities of thin backed films of CaO were measured at

room ten_perature over the energy range 5.5 to II.3 eV. At energle$

below 6 eV the opacity was low. A sharp peak, attributedto the

fc_ _nation of excitons, was observed at about 7.0 eV. A second

strong peak was observed at 8-3 eV. This peak appears to have a

doublet splittingof about 0-2 eV and probably should also be ascribed

to excitons. Other peaks were observed at higher energies but were

less rep.roducible. The width of the forbidden band was estimated

to be near 7.7 eV. The electrical conductivity and thermoelectrle

power of sprayed aggregates of CaO were measured, as a function
of temperature, for several states of activation and were found to

exhibit the characteristics of a pore conductor. Using these dater

and the theory for pore conduction, the electron affinityfor CaO

was estimated to be 0"7 eVo t)f_ fb* _
..



14955 MAGNETIC BRILLOUIN ZONE EFFECTS _N THI_

TIIERMOELEC_TtIC POWER AND _GNETORESISTANCI_

OF o-MANGAlqESE. D.Grlfflths _ B.R.Coles.

Proc. Phys. Soc. (GB), Vol. 82, Pt I, 127-32 (July_ 1963).

Evidence from elec_rlcal resistivity studies of a modification

of the electronic structure of a-manganese below the N_el tempera-

ture was supplemented by thermoelectric and magnetoresistive

data. The thermoelectric power changes from negztive to posRive

on cooling through the N_el temperature (~95"K). The magneto-

resistance increases by a factor of 10 between 110 and 65--K:.

14953 CONDUCTIVITY AND THERMOELECTRIC POTENTIAL

MEASUREMENTS ON PERYLENE: METAL HALIDX

COMPLEXES. M.S.Frant andR.Elss.

J. Electrochem. Soc. (USA}, VoL 110, No. 7, 769-72 (3uly_ 1963).

The conductivities and Seebeck coelflclents of a series of pery-

lens complexes with metal hRlldes from groups fiB, MAp IVA_ VA,

VB, VIB, VIIA, and VIII of the periodic t_ble were studied to deter-

mine possible dependence of these properties on the nature of the

halide. No direct correlation was found between conductivity and

position on the periodic table. The complexes having a conductlvlt7

of > 10 "_mho/cm (InCh, PCIs, FeCla, IC1, SbCl6, I,)were black in

colour; none of the others were black. Activation energies were

measured for m_terials having a conductivity :>I0 "_ mho/cm and

were 0-60 eV or lower. There was an approximate straight llne

relationship between the log conductivity _.'_dthe activation energy,

indicating that coz_ductlvityfor the series is determined primarily

by the number of thermally activated carriers rather than by the

reservior of available carriers in lower energy states. As • rule

the most conductive materials had the lowes/Seebeck coefficients.

It was found that perylene: FeClz co,Hd be prepared as either pZ or

n-type depending on the initial reactant ratio, with the perllene.rlc h
material showing p-t..vpe orooerties. _ _/_ t [,_

20335 Hg're-MnTe ALLOYS. 11. ELECTRICAL PROPERTIES.

R.T.Delves.

J. Phys. Chem. Solids (GB), Vol. 24, No. 7, 885-97 (July, 1963).

The Hall effect magnetoresistance _md Seebeck effectwere

measured at 77" and 300"K in sintered samples of Hg_-.Mn,Te alloys

which have the zinc blende type lattice. The hole mobility is about

100 cmZ/V sec at 77" and 300°K and m* +/m = 0-3 when x <0"2. A

conduction band, probably from an (000) valley with mobility= "

2-4 x I04 cm_/V sec at 77"K and m*-/m = 0.005-0.012 overlaps

the valence band when x <0"13. An energy gap develops when x

0-13, and another conduction band with a lower mobility replaces the

(000) valley when x >0.15. Only p-type material has been obtained

when x > 0.25. Most stoichiometric samples contained at least

I0'7cm -sacceptors. Some could be removed by annealing, others

may be due to metallic impurities or oxygen. Excess tellurium a_.d

copper are acceptor impurities. Excess mercury is a donor when

x < 0"05, and h_s a complicated effect when x > 0"0S. The number

of holes increases when oxygen is added and the energy gap appears

to decrease as well. _/J _ _
/

/
20425 THE ISOTIIERMAL PELTIER COEFFICIENT AND

PIIONON-DRAG IN COPPER. W.G.tlenry.

Cared. J. Phys., Voh 41, l_lo._/,I094-1101 (July,1963}.

An apparatus is described for making direct measurements (_

small Pcltier coefficients ol the order of 1 mV and less below room

temperature. The Kelvin relationship between the thermopower and

the isothermal Peltier coefficient is shown to hold for the copper-

lead couple from 77.4" to 298"K, _t_ _ _O) 88



l'_JT'l ANOMAII)bS rlll.:t_MOl.,l.".CrlUC tgWt.,R AS WvlDENCI",

_'()R T'NO-VP, I,ENk, I': BANDS IN $nTe.

R.F.P,r, _)rick _,,I g.g,Strauss.

Phys. trey. (U:%_,), Vol. 131, No. !, 10,1-110 (J,ly 1, Iu63).
The thermoelectric power (o) of p-type SnTe was measured

between room temperature and 450* C for apparent hole concentra-
tions (p* = l/eR_oo) between 1 × 10 a° and 1"8 x 10 a: em -s. At room

temperature, a does not decrease monotonically with Increasing

p" In the usual manner for a p-type semit.onductor. Instead, It
5-8 _V/de_ at p' = 1-2 x 1020 cm'_to a na:tximum

Increases from P* = 8× 10 '° cm "s, after which it decreases toof 34 pV/deg at
20.5 _Y/deg at p* = 1.8 × 10 at c m-3. The maximum gradually

disappears with increasing temperature. At 400" and 450" C, a
decreases monotonically with increasing p*. By means of numerical

calculations for a pa.-ticular set of band parameters, it is shown

tl_tt this type of anon alous variation in o can be exhit_ited by a
p-type semiconductor with two nondegenerate valence bands. It is
found that the observed properties of SnTe, including the variation
of Hail coefficient with tell,t, ernture and carrier c)ncentration, are

qualitatively consistent with a two-valence-band model, but are
dillicult to explain on the assumption that SnTe is a semlmetal.

However, it has not been possible to obtain a quantitative fit to the
data with a two-band model in which both bands are of simple

parabolic form. f_ _ I_"_

17969 TIlE THERMOELECTRIC POWER OF OXIDE CATHODES

ON PLATINUM CORES. N.A.Surplice and R.P.Jones.

Brit. J. appl. Phys., VoL 14, No. 7, 444-8 (July, 1963).

The thermoelectric power of barium oxide, strontium oxide
and mixed barium and strontium oxides on platinum cores has been
investigated over the range of temperature from 70 to 800"C. Curves

of thermoelectric power agalnst temperature showed the following
regions: (t) less than 1 mV degC': at low temperatures, (11) thermo-

electric power increasing rapidly from 180 to 300"C, (111) constant
at more than 2 mV degC':, (iv) thermoelectric power remaining
constant at temperatures up to 800" C for single oxides, but for

mixed oxides falling sharply to a slightly lower value at the highest
temperatures. After the oxides had been aged at 750-800JC for •
year, with no current load, region (i) had disappeared and the

thermoelectric power increased rapidly from 70 to 300"C. With
barium oxide the disappearance of region (i) of the thermoelectric

power characteristic was accompanied by a similar disappearance
of the region of crystal conduction from the electrical conductivity
plot (logarithm of conductivity against reciprocal temperature},

but there was no change in thermal conductivity. With stronLlum
oxide and mixed oxides there was no such simple correlation between
the change in thermoelectric power and the ehangd in electrical

conductivity, and the thermal conductivity had decreased. These
results are interpreted in terms of LoosJes and Vlnk's pore conduc-

tion theory of an oxide cathode and Metson's work on the thermal

stability of the alkaline-earth oxides.

17967 THEORETICAL BOUND ON TIIE TIIERMOELECTRIC

FIGURE OF MERIT OF TWO-BAND SEMICONDUCTORS.

E.S.Rittner and G.F.Neunmrk.

J. appL Phys. (USA), Vol. 34, No. "/,20'/I-'/(July,1963).
The Simon two-band semiconductor model is investigated further

theoretically to determine whether a finiteupper bound can be

imposed on the thermoelectric figure of merit. It is shown that

limitations on the adjustability of the Fermi level and use of

reasonable physical values for the hand parameters do lead to •

finiteupper hound for the two-band model which is of the same order

of magnitude as that derived earl/er by Rlttncr for a one-band model.

The former can be several/old higher than the latter but only at

pathologically high values of the effective mass ratio n_/m.. Other

factors which favour a high value of the upper bound are discv_jsed.I_ ,_,3
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13155 ELECTRON AND PHO,X,ON SCATTERING.
II TIIERMOEI, LCTIH(. trY IN RUBIDIUM C&ES[UM

AND ALI,OYS AT VERY LOW TEMPERATURES.
A.M.Gu_nault and D.K.C.MacDonald.

Proc. Roy. Soe. A (GB), Vo[.274, IM-62 (July 23, 1963).
For Pt I, see Abstr. 17814A of 1961; ibid., Voi. 264, 41-59

(Oct. 24, 1961). Following earlier measurements on imre potassium

and alloys, a corresponding study has been made at very low
temperatures of thermoelectricity in rubidium, caesium, and their

alloys with each other and wflh potassium, The results have proved
in accord with the interpretation of earlier work, and the trends

observed in both the "electron diffusion" and "phonon-drag" contri-
butions to the absolute thermoelectric power are discussed. Both
contributions as observed m these metals are consistent with •

larger distortion in the Fermi surface of caesium than in those of
potassium or rubidium. It appears that the changes in the thermo-

electric diffusion term can be attributed consistently to the differ-
ence arising from large-angle and smatl-a2ngle scattering. It is

supi)osed that in turn these types of electron scattering arise from
the presence of homovalent and heterovalent lmlmrity centreS.

E/--.in f63

23026 T}IERMOELECTRIC POWER IN NONSTOICHIOMETRIC

a-Nb_O_. R.Fjanninek and D.H.Whitmore.
J. chem. Phys. (USA), Vol. 39, No. I, 179-82 (July I, 1963).

Thermoelectric power measurements have been made on
nonstoichiometric a-Nb_O_ over the temperature range from 300*
to 1270_K. The measurements show that, for all compositions in

the single-phase, o-Nb_O__, region (0.0012 .- xe 0.1MS), the majority
charge carriers are electrons. These thermoelectric power dalai

have been interpreted :n terms of a simple semiconductor exhibiting"

conduction in a narrow d band with the conduction electrons being

assigned an effective mass equal to four times that of the rest mass.

., //-1 tt'_

/ 9892 RESISTIVITY, HALL CONSTANT, AND SEEBECK

COEFFICIENT OF CsAu. F.WOOten and G.A.Condas.

Phys. Rev. (USA), Vol. 131, No.2, 657-9 (July 15, 1963).
Measurements of resistivity, Hall constant, and Seebeck

coefficient have established that CsAu is an n-type semiconductor
with carrier concentrations I0_**I0 _" cm "j. The carrier concentratiOn

is essentially independent of temperature over the range 4-2-300°K

and the mobility Is 30-60 cmtV "*sec -_. It is suggested that excess

caesium introduces an impurity band which overlaps the conduction

band. The Seebeck coefficient (-0.023 mV deg t K at 3000K) indicates

that the Fermi level iies about 0.02 eV above the conduction band

based on optical lattice scattering. _'-¢_ ' _ 5

Gatvanomagnet ie and thermoelectric coef-
flclenta of tetragona.l crystalline materials.
W. C. Hernandez. Jr. and A. H. Kahn. bib-

•_ flog dings J Res _'at Bur Stand 67,&:293-l}
Jl '63

,,'qS.T.-T.. rg:5

11680 THEORY OF GALVANO-THEflMOMAGNETIC ENERGY
CONVERSION DEVICES. V. DEVICES CONSTRUCTED

FROM ANISOTHOPIC MA. TERIALS.
T.C.Harman, J.M.Honig and B.M.Tarmy.

J. appl.Phys. (USA), Vol. 34, No. 8, 2225-9 (Aug., 1963).

Operating characteristics of galvanothermomagnetlc generators

and refrigerators for any anlsotropic material are summarized in

tubular form for both the longitudinal (thermoelectric) and trans-

verse _ernst) devices and for isothermal and adiabatic operating

conditions. In the most general case, device performance is

governed not only by the figure of merit, but also by an anlsotropy
factor. This factor involves off-diagonal elements of the Nerst and

Seebeck tensors for Nernst devices and diagonal elements of the

Nernst and Seebeck tensors for thermoelectric devices. R is

believed that the "umkehr" effect (such as observed in BI) is due to

a nonva.nlshing diagonal component of the Nernst tensor. ,_ _/._ l (¢

• .°
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Liquids for rhermoele_.tric Generation, -I,W.GARDNE_'EnglIah
Elcc J v 18 n 4 July-A,:g tgf3 p 16-21. Characterlstlcs of llquld
semiconductors, e_peclally of cuprous sufflde and cuprous tel°

lurlde are reviewed; l_sslbilitlesof using molten saltsfor.thernm-

electric I?o#er generation. L:-f"G.

14958 THERMOELECTRIC MATERIAI._

S.HahneL

Tekn. Ukeblad (Norway), Vol. I10 wNo. 29, 685-90 (Aug. 15, 1963).
In Norwegian.

The utilization of the thermoelectt:lc effect has long been

limited to metallic materials, but the discovery that semiconductors
can give much better results than metals aroused interest in the

Elektxlscher Wlderstand und Thermospannung re- Uran yeas.h- practical use of thermoelements, and intensive research work is
rend der Oxydation bel 10 -3 Tort und 200 bts 400 C, S.STEEB, B. being carried out on the development of thermoelectric materialL

BOSSBERG. Zelt fuer Metallkunde v 54 nSAug 1963 p 433-9. Else- The best results so far havebeen achieved with lead teUurlde, which
trlc resistivity and thermoelectric power of uranium were deter o Is relatively cheap and capable of an efficiency of 8"5_0. A table ol
mined on vapor deposited films while these were charged _lth oxy-
gen st 200-400 C and 10 -3 Torr; bandmodel was used for tnterpre- the thermoelectric properties of semiconductors and their prices
ration of results; effects of interruption of oxygen treatment axe hi giveh. J.Smuts

discussed; samples oxidized to saturation at 400 Chad better ther-
moelectric properties In vacuum than slntered uranium q_dde..

14954 THERMOELECTRICITY IN GOLD AT LOW
TEMPERATURES. H.H.Andersen and M.Nielsen.

Phys. Letters (Netherlands), Vol. 6, No. Ip 17-18 (Aug. I$, 1963),
The thermal e.m.f, and electrical conductlvlty of gold were

measured in the temperature range 2*-9°K, the thermal conductivity
in the range 2"-17_K. The samples (40 p foils) were elther ann,baled"
in vacuum or in _Ir for 24 h at 950_C. The resistance of the vacuum°

annealed s_Lmple is reduced by the ratio (R27s - R4.z/R.._) ffi $2.|_
while for the air annealed sample the ratio is 607. The thermal tea°
ductlv/ty is given by the relation I/K = aT I + bT. The thermal e.m.f.

of the alr-annealed sample behaves normally and hi of the order

I x IG" V/degK for about 4°K. It is always positive. The vacuum
annealed sample behaves llke a sample with iron c.ontent, Its e.mJ.
being negative and of the order of -14 _ I0 " V/degK. The e.m.f.
shows a broad mlnLaum at about 6"-8"K. K.Helm@

_____ ,_

/
/25424 PHONON-DRAG SEEBECK EFFECT IN A STRONG

MAGNETIC FIELD. I. LONGITUDINAL CASE. T.Ohta.

J. Phys. Soc. Japan, Vol. 18, No. 8, 1166-73 (Aug., 1963).

A quantum theory is developed for the phonon-dra_ thermo*

electric power of semiconductors in a longitudinal strong magnetic
field with the use of the quantum-limit approximation. Thermo-

electric power in the pure crystal is first calculated to give. t

AQ(B)IQ(O) = kl,j_,+(l_w,]kT) _
I/

where AQ(B) is the incremental therm+electrlc power due to

magnetic field, Q(0) is the thermoelectric power without the field,

kt,+_j is a constant dependent on the crystal direction [qkJ, and ut
Is the cyclotron frequency. This can explain an experiment

approximately. Saturation effect, Impurity scattering effect, and
T Herring's hydraulic analogue (1954) are also discussed taking the

magnetic field into account. _ f6 _')

25317 A NOTE ON THE GALVANOMAGNETIC AND
TIIEP,MOELECTRIC COEFFICIENTS OF TETRAGONAL

CRYSTALLINE MATERIALS. W.C.HernandezpJr and A.H.Kahn.

J. Res. Nat. Bur. Stand. (USA), VoL 67A, No. 4, 295-9

(July-Aug., | 963).
The independent HRll, mat;netoreslstlve, and ther_oelectric

coefficients for a tetrai_onal ct%'stal axe tabulated and geometric

configurations for their experimental measurement determined.
These coefficients are calculated on assumptions of seveeal simple

ellipsoidal models, in the range of nondegenerate statistics.
ImpLications of experimentally observed lsotropy or anlsotropy of

trahsport properties on the b_ructure of the energy surfaces are
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_' 23030 APPROXIMAI'E D'r,_ZAM1C RFSPONSI:; ' t,?CU[A'|IONS

FOR THEKMOELECII¢.IC P_L'l'It;R-_ t t ;,,..;l DFVICES.

P.E.Gray.
Solid-State Electronics (GB), Vol. 8, No. 4, "_3q-48 tJuly-Aug., 1963).

In most applications of thermoelectric coolint: levices that
require close control of temperature, the dy_tamic or non-steady-

state behaviour of the entire system is imp ,rtant. Previously
reported dynamic characterizations of such systems have yielded

predictions of performance that are in good agreement with observed
performance, tlowever, these methods, which take into account the
distributed nature of the thermoelectric device, give moderately

complicated results that are ,_ot easy to apply. It is shown that for
most cases of practical interest the dyrtamic response of the thermo-

electric temperature-control system Is dominated by the thermal
mass of the load. Accordingly, the dy,_amic operation of the thermo-

electric cooling device can be regarded as a succession of steady
states, and the distributed system can be lumped, thus yielding

accurate approximate results that are simple and easy to apply.
The conditions under which such a represetdation is valid are

delim.at.ed, and the corrcspo_tding approximate results are obtained
in the forth of transfer functions. The step resixmse of a temperature

control system is determined by meant, of this approximate method
and compared with the resl)4mse determined from consideration of
the complete distributed system. This comparison shows tl_at the

lumped approximation is a valid and useful characterization of

thermoelectric tcmperaturv-co,ttrol systems, t;)_._ _

25428 THERMOELECTRIC EFFECT IN SINGLE-CRYSTAL

CUPROUS OXIDE AT HIGH TEMPERATuREs.
M.H. Zirin and D.Trivieh.

J. chem. Phys. (USA}, Vol. 39, No. 4, 870-5 {Aug. 15, 1963).

The thermoelectric effect in single-crystal Cuprous oxide,
measured at temperatures of 500" to 113(I'C and oxygen pressures

P of 160 to 2 x 10-" torr, was found always to be positive, indicating
that the material is a p-type Semiconductor in these ranges of
conditions. Plots of the thermoelectric pOwer Q versus lit at

different constant oxygen pressures yield parallel straight lines

with a slope of 0-75 V. Plots of Q versus log p are mostly straight
lines with slopes approximating (-2-3k)/(8q), in which k is

Boltzmann's constant and q is the electronic charge. These results
can be explained fairly satisfactorily in terms of a modified
Wagner model for the defect structure of Cu20 and existing theories

of the thermoelectric effect in Semiconductors. It is assumed that
the Concentration of accepters is a function of both the oxygen

pressure and the temperat,,re and that a gradient of accepters
exists along the temperature gradient. Thus, the model shows that

the factor 8, originally obtained from conductivity measurements,

should also be contained in the slope of Q versus log p. The slope
of 0-'15 V for the plot of Q versus I/T can be related to the energy
of creating an accepter, i.e. a copper atom vacancy, plus the

of ionizing this accepter. _e{_

/37S61 ELECTRIC RESISTANCE AND TIIERMOELEC-

TRIC POWER OF URANIUM DURING OXIDATION AT

I0-s TORR AND 200 TO 400"C. Siegfried Steeb and Roll

Rossberg (Max-Planck-lnstitut fur Metallforsehung,

Stuttgart}. Z. Metallk., 54: 483-9(Aug. 1963). (It,
German)

An apparatus is described for the production of thin

films of uranium by evaporation and for the eonseque_

measurement of electric conductwity and thermoelectric

power. Uranium films were treated between 200 and 40flPC

with oxygen (10 -s Torr), and at the same time the electric

conductivity and thermoelectric power were measured,

The band model was used for the interpretation of the re-

sistance vs. time curves. Valence and conduction _'".nds

were 3 ev apart, while the accepter and donor lever,, were

0.5 or 0.55 ev distant from the band above or below. These

values were obtained from the measured temperature°

resistance curves. The measurement of Lhermoeleetrl¢

power showed that uranium oxides exhibit p-type con°

ductivity at small oxygen contents and n-type conductivity

at larger oxygen contents. The absolute values of thermo-

electric power against platinum are given, as well as its

dependence on the oxygen content. It Is Important for

practical application that the thermoelectric power have •

temperature-dependent maximum at a certain uranium/

oxygen ratio. The behavior of electric resistivity and

thermoelectric force caused by Interruption of the oxygem

treatment is discussed. Samples which were oxidized to

saturation at 400"C show better thermoelectric propertlell

in vacuum than sintered bodies of uranium oxide. (auth) /_
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25428 THERMOELECTRIC EFFECT IN SINGLE-CRYSTAL

CUPROUS OXIDE AT HIGH TEMPERATURES.M.H. Zirin and D.Trlvlch.

J. chem. Phys. (USA), Vol. 39, No. 4, 870°5 (Aug. 15, 1963).

The thermoelectric effect in Single-crystal Cuprous oxide,

measured at temperatures of 500" to I130,C and Oxygen pressures

P of 160 to 2 × I0" torr, was found always to be positive, indicating
that the material is a p-type semiconductor in these ranges of

conditions. Plots of the thermoelectric power Q versus I/T at

different Constant oxygen pressures yield parallel straight lines

with a slope of 0"75 V. Plots of Q versus log p are mostly straight
lines with slopes approximating (-2-3k)/(Sq), in which k is

Boltzmann's constant and q is the electronic charge. These results

can be explained fairly satisfactorily in terms of ,tmodified

Wagner model for the defect _ _.,:tu,_ of Cu.O and existing theorle8

of the thermoelectric effect in Semiconductors. Itis aSsumed th_

the concentration of accepters is a function of both the oxygen

pressure and the temperature and that a gradient of accepters
exists along the temperature gradient. Thus, the model shows that

the factor 8, originally obtained from conductivity measurements,
should also t,e contained in the slope of Q versus log p. The slope .

of 0.75 V for the plot of Q versus I/T can be related to the energy
of creating an accepter, i.e. a copper atom vacancy, plus the energyof Ionizing this accepter.

Pre.paratlon. phase-boundary energies, ann
thern_oelcctr_e properties of InSb-Sb eutec.
tic alloys with ordered microstruetul_s. "IV.
K. Llebmann and E. A. _iller. bibliog 11
diags.J Ao Phys 34:2653-9 S "63

Some thermoelectric properties of polycrys-
talllne Ianthanmn teHuride. LaTe_., to
LaTe_.o. T. H. Ramsey and others, bibliog
3 Ap Phys 34:2917-18 S '63

A s_/TZIZ '_

25426 THE THEHMUt.L/.:¢_ tl.tlt.; l-s_wl_H UF OXIDE CATHODES
ON NICKEL CORES. N.A.Surplice and R.P.Jones.

Brit. J. appt. Phys., Vet. 14, No. I0, 725-6 (Oct., 1963).
The thermoelectric power has been measured for barium

oxide, strontium oxide and mixed barium and strontium oxides on

O-nickel cores, over the range of temperature 70"-800°C. The
magnitude of the thermoelectric power and its variation with tem-

perature was similar to that reported previously for the same

oxides on platinum cores. When the oxides were aged at 750" -800.C
with no current load, their thermoelectric power was decreased
though not so drastically as it had been for the same oxides on
platinum cores. _:_/_ ' (0 "_

25427 THERMOELECTRIC PROPERTIES OF CHROMIUM AND
COBALT-SILICIDE. T.Sakata and T.Tokushima.

Trans Nat. Res. Inst. Metals (Japan), Vol. 5, No. 2, 34-48 (1963).
Examinations were made on the results of measurements of

specific resistance, thermoelectric power and Hall coefficient of
CrSi_ and CoSl between -200" and + 1200°C. The effects of addition

of transition mctals on the conducti_,_tycharacteristics of CrSI_

and CoSi were examined using V and Mn for the former and Mn and

Fe for the latter. Descriptions are made of trial production and

characteristics of thermoelements composed of CrSia as the p-

branch and Co_Si as the n-branch. |'A "_
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14081 UNUSUAL THEr{MocoUPLES AND ACCESSORJES.

Instrum. Control Syst. (USA), Vol. 36, No.8, 130-3

(Aug., 196 3).

A survey of unusu_ thermocouples and accessories.
_. _I '_'_

AD-%05 569 DIe. 25, 14
(TISTM/AMS) OTS price $2.25

Titanium Alloy Mfg. DIe.. National Lead £o..
Niagara Falls, N. I.

THERMOELECTRIC MATERIALS_.

4 Final rept.. Jan 6D-Aug b_,

ed. by Mertoa H. Brooks. 31 Jan 63. Iv.
Contract NObs78_26

Unclassified report

Descriptors: *Thermoelectricity, UCersnlc
materials, Crystals, Semiconductors. Ionic
current, Resistance (Electrical). Heat. Elec-
tricity. Oxides, Silicates. Hydrides, Titanium
compounds. Niobium compounds. Barium compounds.
Zirconium compounds. Ylttrium compounds. Ther-
mal conductivity. Electrical properties. Com-
plex compounds. Lithium compounds, Magnesium
compounds. Lead compounds. Chromium compounds.
Tantalum compounds, Experimental data, Tables,
Porosity. High-temperature research. Materials.

Three hundred twenty-three oxide, silicate, and

metal hydride combinations were prepared and
fabricated into test specimens by u variety of

forming and firing techniques. Of these combina-
tions. 309 were examined electrically for Seeheck
effect and resistivity from 600 to 1200 C; the

remaining few failed in test. None of the compo-
sitions tested gave indication of truly efficient
conversion of heat to electricity; the TI02 plus
2.0 mole percent Nb20_ had an approximate figure
of merit of 7.0 x 10 to the -Sth power per de0ree

centigrade. (Author) /_ _

o3.7246 LIQUID METALS FOR AEROSPACE ELECTRIC-

POWER SYSTEMS. I.. Rosenblum (Lewis Research Center,

Cleveland}. J. Metals, 15: 637-41(Sept. 1963}.

Liquid metals and their properties, as applied to space

electric-power systems, are discussed as possible heat-

transfer and thermodynamic working fluids. Rel_resentatlve

liquid metals. Li, Na. K. NaK-78, Pb. and Bi, are dis-

cussed and compared. Space power requirements are

listed and used as a basis for evaluating the potentialities

of...theliquidmetes. (aut}O _j _ _ , _ ._

Elektrlnches. magnetinches and galvsnomngnettschen Verhalten
van Kupfer-Tttan- und Gold-Tttan-Mlschkrlstnllen. H.D.HAHL-
BOHM. Zeit fuer Metallkunde v 54 n9Sept 1963 p 515-18. Electric.
magnetic, and gnivanomagnetlo behavior of Cu and Au rich copper
titanium and gold titanium solid solutions was studied an part of
more extensive tnvesttgatton of sUoys consisting of elements of
4th Period and monovalent precious metals; results of determina-

tions of electric resistivity, effect of magnetic field on resistivity,
Hall constant, thermal electromotive force, and magnetic suscepti-
bility are plotted. Including some temperature coefficients, and

nouns l.termsor _....

23401 PREPARATION. PHASE-BOUNDARY ENERGIES, AND

THERMOELECTRIC PROPERTIES OF InSb-Sb EUTECTIC

ALLOYS WITH ORDERED MICROSTRUCTURES.

W.K. Liebmann and E.A.Miller.

J. _ppl. Phys. (USA), Vol.34, No. 9, 2653-9 (Sept., 1963).

Two-phase solids, single-crystal rods of $b in a matrix of

single-crystal InSb, have been prepared by eutectic crystallization.
The size of the Sb rods decreases with increasing crystallization

velocity, in quantitative agreement with the theory of eutecUc

crystallization. The boundary energy between the InSb and the Sb

phases was determined both from the parameters of the crystal-

lization and from a dislocation model. Both values agree, indicating

that the strain energy ofthe dislocations at the phase boundary is

the chic! cc,ntributor to the interracial energy. The electrical

rests" .ityp, the thermoelectric power Q a_d the thermal conduc-

tivity K have been measured as a function of the structural arrange-

ment of the two phases In the alloys. The magnitudes of p and Q
have been explained by simple electrical analogues of the eutectlc

structure. A characterl_tlc decrease of the thermal conductivity of

the euteettc alloys has been observed. The reduction In K is
probably caused by interaction d phonons with the phase boundaries.

/n 3
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14959 TIlE TIIERMOFLEC'I_IC POWER OF OXIDE CAt'IIODE8

ON NICKEL Ct)I_E$. N.A.Surplice and R.P.Jones.
Brit. J. appl. Phys., Vol. 14, No. 10, 725-6 (Oct., 1963).

The thermoelectric power has been measured for barium oxide,
strontium oxide and mixed barium and strontium oxides on O-nickel

cores, over the range of temperature 70"-800"C. The magnitude

the thermoelectric power and its var!:Rlon with temperature wan
similar to that reported previously for the same oxides on platinum
_oles. When the oxides were aged at 750°-600"C with no currerg

load, their thermoelectric power was decreased, though not so

drastically as ithad been for the same oxides on platinum cores,

14960 THE THERMOELECTRIC POWER OF VsX COMPOUND_
M.P.Sarachik, G.E.Smith and J.H.Wernlck.

Canad. J. Phys., Vol. 41, No. I0, 1542-6 (Oct., 1963}.

The thermoelectric powers of the tntermetallic compouat_

V,Ge, V_SI, VsGa, and Y_Sn have been measured from their'super°

conducting transition temperatures to room temperature. ItI$

found that the thermoelectric coefficients are all posRlve and about

10 pV/deg-_ K at room temperatare. The coefficients for V_Si,VsGa,

and VaSn are monotonically increasing functions of the temperature,

whp_eas for VsGe there Is a pronounced maximum at about ¢M_K.

The results are discussed In terms of a two-b_ud model consisting

of a conduction band and a d-band. _ f_

X-Ray Study and Thermoelectric Properties of Wx/zMox/z'_s'_-x

Sea System. L.H.BRLXNER, G.TEUFER. Inorganic Chem v 2 n 5

Oct 1963 p 992-6. Pseudoblnary system between compounds TaS_

and W0.sMo_._c= was investigated structurallyand with regard to
such thermoelectric parameters as Seebeck coefficient,electric

resistivity,and thermal conductivity;,compounds of interest for

thermoelectric power generalion in intermediate temperature range
(500-700 C) were found for values of x from 0.9-0.99; preliminary

v36477 PRECISION NONDESTRUCTIVE TESTING OF

TIIERMOELECTRIC MATERIALS. S. H. Fitch and J. W.

Morris (Atomics International. Canoga Park, Calif.).

Nondestructive Testing. 21: 306-10(Sept.-Oct. 1963).

The direct conversion of heat to electrical energy and the

application of this (thermoelectric phenomenon to Systems

for Nuclear Auxiliary Power {SNAP) for space vehicles Is

discussed. The development of a complete qualitycontrol

system for the evaluation of thermoelectric materials, as°

received, in-process, and after assembly, isoutlined. The

contributions of nondestructive testing and statistical quality

control in enhancing the assurance of acceptable quality and

reliability of the end product are demonstrated by actual

test records and control charts. (auth) _4_ t_'_

_802 THEORETICAL ANALYSIS OF THERMO-

ELECTRIC CHARACTERISTICS OF AN IONIZED FLUID.

R. Mooti and L. G. Napolitano (UniversitY, Naples). Pre-

print Paper 41, Session IV. Prepublicatiou Copy. 8p.

A unified irreversible thermodynamic analysis of con-

version processes with n independent fluxes and forces is
presented. The coefficients of conductivity (ratio between

fluxes and forces), force cross-effect (ratio between two

forces), and flux elusa-effect (ratio between two fluxes)

are self-consistently defined, and their values are derived

in terms of the kinetic phenomenological coefficients. A

general definitionof figure of merit is proposed and is

valid when more than one cross-effect is oresent. The

application of the analysis to a ternary equilibrium iso-

tropic plasma is outlined. The value of the force cross- "_

effect (SeebeclO coefficient was determined and .found to

compare favorably with those of good s¢;miconductors.

tM.P.GJ N _#_ _b75

242'/I THEORETICAL ANALYSIS OF THERMOELECTRIC
CHARACTERISTICS OF AN IONIZED FLUId.

R.Monti and L.G.Napolilano.

Instn Elect. Engrs Conf. Rep. Set. (GB), No. 4, 130-2, 142-3 (1963}.

[Magnetopiasmadynamle Power Generation Symposium, Newcastle, |
I962 (see Abstr.21966 of 1963)]. JDiscusses the formulation of a general, unified and selfo

consistent basis for studying the feasibility of plasma as a medium

for energy conversion. As an example the Secbeck coefficient of •

uniform isotropic pla_sma is evaluated and is found t_ compare
favourably with those of good semiconductors. J.A,.N_tlou

_'_ 'b%
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I0_99 TIIEHMOF, I,ECIHiC EFFECTS !N ICF ('_¢YSIALS. [.
TltEORYOF TIfF STEADY STARE. (" _ccard.

Phys. ko_dons. M,torle (Cermany), Vul. I, >_, 2, 143-51 (1963).

5t.t_m_g from the phcnomenological '.1' dl,ms whi,:h describe
the currel_ts of the four specific ice lattice defects (01t_5, OH-,
doubly occupied and vacant hydrogen bonds), the electrochemical

and homof:eneous thermoelectric power are calculated for the

current-free steady state under the assumption of immobile chemi-
c.xl implnrittes. The expression for the homogeneous thermueiectrle
power agrees with the experimentM value (1"8 mV/°C) if the energy

values obtained from the electrical properties are inserted, and if
the diffusivtty ratios of the ions D'/D ° and of the valence defects

D/D _ are assumed to be much smaller than unity and l-_., respee-
lively. The formulae are also applied to ice doped with hydro-

fluorlc acid, and the magnitudes of the Seebeck, Peltier and /
Thomson effects are derived. - ()_ _..)
/

'22947 THE MEASURFMENTS OF GALVANOMAGNETIC AND
THERMOELECTRIC PROPERTIES OF InSb-p.

J.Ginter and W.Szymafiska.

Phys. Status solidi (Germany), Vol. 3, No. 8, 1398-1407 (1963).
The conductivity, Hall coefficientand thermoelectric power of

p-type InSb were measured in the temperature range "/7° to 300°K.

The experimental results are analysed on the basis of a spherical

and parabolic valence baJ_dstructure {with a heavy hole mass

rn, = 0.35 m0), and mixed scatlering of holes by acoustic phonons

and ionized impurities. The influence of phonon drag on the

thermOelectric power is considered over the temperature range

/nvestigated. t _ _'_

Thermoelectric Properties of Enargite-TYpe Compounds. [I.L.

CARPENTER° j.S.MUItItAY. T.D.ROBERTS. U S Bur Mines--Re-

port Investigahons 6200 1963 8 p. "[hermal conductivity, electrical
resistivity, and Secbcck coefficient for 9 compounds, based on

formula f<,r enarglte Cu_AsS_, were measured in search for effi-
cient materials to be used iu thermoelectric generators or re-
frigerators; resutts indicate that one of these compounds. Cu=SbSe4.
has thermoelectric properties approaching those of bismuth tel-
lurlde; investigation of effect of adding small quantities of teLturl-

um to Cu3_Se4 and CuJSb5, in order to improve their properti.es._.j._ "_

W

22952 MAGNETO-ELECTRIC AND THERMOELECTRIC

PROPERTIES OF SOLID SOLUTIONS OF SELENIUM-

TELLURII.'M. l.Rosenman.

Phys. Status solidi (Germany), Vol. 3, No. 8, 1429-40 (1963}.

In French.

In polycrystalline Se-Te alloys with Se contents up to 40 atomic

percent electrical conductivity, Hall-effect and the-mo-e.m.f, were

investigated. All alloys were p-type, the carrier concentrations

were I0_%10 ° cm '. The variation of Hall-mobility with tempera-

ture is explained by a mixed scattering mechanism by acoustical

phonons and ionized impurities. A method for calculating the
influence of each of the mechanisms on the electrical conductivity

is given. At room temperature fl-.eeffective mass varies from

0"21 m_ for Te to 0.77 m, for the 40_ Se alloy. In the intrinsic

range the conductivity decreases exponentially with increasing Se

content. This is explained by the increasing band gap

{ 17869 ELECTRIC AND THERMOELECTRIC pROPERTIES OF

THE SYSTEM (Bh-=i Sb2=n Te,i)_reyServ)'

G.Gramberg and H.G.Plust.
llelv,phys. Acta (Switzerland), Vol. 36, No. 2, 237-47 (1963}.

In German.
The mixed crystals specified in the titlewere investigated for

x • 0"6, y = 2.875, 0 < x, < 0.2. The most desirable thermoelectric

propertle_ were found for xj = 0.1. Temperature dependence of
Hall effect and of conductlvities were investigated, and the resultsp.T.Lands _berg.
discussed. .... _/_l{p-S
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#/20325 rllE INFLUENCE OF IMPURITIES ON THE ELECTRIC

AND TIIERMOELECTRIC PROPER FIES OF CdSb

SINGLE CRYSTALS. K._mirous, A.lirub_ and L._tourad.

Czech. J. Phys. B, Vol.13, No.5, 350-7 (1963).

The influence of impurities on CdSb single crystals prepared by

the modified Czochralski method .'u_d the mL'thod nf znne melting was
studied. It was found which impurities are electrically active and
which give rise to electron and hole couductivity m_d a schematic

model of their substitutions in the CdSb lattice was proposed. The
temperature depet_dence of the mobility was found for both electrons
and holes and the density effective m_'_scs were determined_

b

14969- THE EFFECT OF HYDROSTATIC PRESSURE ON THE

THERMOELECTRIC POW ER IN INDIUM ANTIMONIDE.

S.Poro_skt, A.Duracz and S._ukotydskl.

Phys. Status solidi (Germany), Vol. 3, No. 9, 1555-62 (1963).
1"he thermoelectric power in InSb _t 300"K was measured as a

function of pressure up to 16 000 aim. The experimental data obtained

for n-type samples are in good agreement with the Kane model of the

conduction band, and also offer new evidence that ionized impurity

scattering and optical mode scattering are dominant for electrons.

It is shown that the results for p-type InSb can be explained by asstt-

mlng that the effective mass of holes is equal to 0.42 ms and that

the dominant scattering Is by optical phonoas. _ _.f_ t{0_

,/"25350 ELECTRICAL PROPERTIES OF SOME TERNARY

COMPOUNDS. Z.I.O rnatskaya.

Semiconductor Materials Cordercnce, Moscow (see Abstr. 13056 of

1963) p. I17-18.

Polycrystalline samples of the semieonducting compounds

Znln2Se,, Znln2Te4, Cdln_e4, CdlnzTe4 were prepared. X-ny

analysis of the compounds Cdln=Te4, CdlnzSe4 and Znln_qe4 showed

them to have a structure of the diamond type with lattice constants
of 5-801, 5"293 and 5.690 respectively. The variation of resistivity

and thermal e.m.f, with temperature was studied and the following
band gaps determined:- ZnIr_Te4, 1"8 eV; Cdln2Te4, 0"88 eV;

Z_Se.,1.95eV. C_' k-;_""'G°°_h

11544 THE INFLUENCE OF IMPURITIES ON THE ELECTRIC

AND THERMOELECTRIC PROPERTIES OF COSb SINGLE
CRYSTALS. K._mtrous, A.Hrub_ and L._toura_.

Czech. J. Phys. B, Vol. 13, No. 5, 350-7 (1963).

The influence of impurities on CdSb single crystals prepared

by the modified Czochralskl method and the method of zone melting

was studied. It was found which impurities arc electricallyactive

and which give rise to electron and hole conductivity and a schematic

model of their substitutions in the CdSb latticewas proposed. The

temperature dependence of the mobility was found for both electrons

and holes and the density effective masses were determined.
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17968 CIIAI_AC'I'EI{ISTIC I'llERMOEI,ECTF¢I, pOWER OF
"OUNDAllY SURFACE A'I_)MS. R l';, ,,ek.

Z. Phys. (Goriually), Vol. 174, No 5, 296-.q00 _1963l. In Gernmn.

For a slngle-lxtnd o,:_ductor wt:ere two or ,_ore scattering
mech.ani._:,s are preaent, each giving rl:;e to a characteristic thermo-

electric l_wer S. and an electrical resistivity p,, the resultant

thermoelectric power S Is given, as a first apl)roMmatlon, bF

S : _ p.S./O. Denoting with So the characteristic thermoelectric
power ch, e to the scatterit_ of the conduction electrOns by the
boundary atoms, and with St and Ot the resultant thermoelectric

power and electrical resistivity arising from :ill other scattering
mechanisms, one may writeS = So ¢ Pt (S,-So)/O. Thethormo-

electric power S and the electrical resistivity p of thin layers of
potassium, evaporated in vacuum _ 5,10"* torr on a glass substrata

at 90 ° K temperature, were measured at different thicknesses, the
variation of S as a function of l/overifics the above relation. Thus,

the thermoelectric power characteristic for the scattering by _,_1_potassium boundary aton_ can be determined. _ ._

25427 THERMOELECTRIC PROPERTIES _F CHROMIUM AND

COBALT-SILICIDE. T.Sakata and T.Tokushima.

Trans Nat. Res. Inst. Metals (Japan), Vol. 5, No. 2, 34-48 (1963).
Examinations were made on the results of measurements of

specific resistance, thermoelectric power and Hall coefficient of
CrSij and CoSt between -200 ° and + 1200°C. The effects of addition

of transition metals on the conductivity characteristics of CrSiz
and CoSt were examined using V and Mn for the former and Mn and

Fe for the tatter. Descriptions are made of trial production and

characteristics of thermoelements composed of CrSiz as the_/_branch and CoSt as the n-branch. {_

/ 20162 (BNL-756(p.262-75D LIQUID METAL RE-

SEARCH AT NASA-LEWIS RESEARCH CENTER.

James P. Lewis (National Aeronautics and Space Ad-

ministration. Lewis Research Center, Cleveland).

Liquid-metal research activitle._ arc st:ram, arized with

emphasis on the heat transfer aspects of these studies. A

two-phase flow loop, constructed of stainless steel, is

being Operated with sodium. A sodium turbine facility,

pump test facilities, liquid alkali metal heat transfer

facility, space radiator and condenser facility, and equip-

ment for bearing and _eal studies are being constructed.

Experiments are being planned to study the flow and heat

transfer processes in a typical SNAP-8 radiator tube.

Materials support programs are discussed. (M.C.G.) A_ I_'_

V10895 DOPING PROPERTIES OF BiaTet._eo.s.

O.Beckman and P.Bergvall.

Ark. Fys. (Sweden), Vol. 24, Paper I0, 113-22 (1963).

Thermoelectric properties of n-type Bi2Te1._eo.3 dopedwlth
Cu, CuBr, CuBr2, BiCIO and Bil, are studied. The latticethermal

conductivity Is 1"03 W/m deg K and _ (m*/m) s z parallel to the

cleavage plane ranges from 0"03_ to 0"032 m =s"V sec givlf_g an

optimum Z-value of 3.0x 10 "= (°K)-=. Galvanomagnetlc studies give
a band structure close to that of n-type BiaTe3. The effective

mass m* Is 0"57m0 and the anlsotropy factor for Hall effect

measurements with on, equals 0.24. The number of charge carriers

related to the amount of doping molecules is discussed. #_/_ f67"_
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II. MATERIALS

B. Thermionic properties

-Thermtonle emission "l;rom spherical metallic
60Prtrt!"I°_'O'61 M. S. Sodha. J Ap Phys 32:2059-

CORRELATION OF THE VELOCITY DISPERSION TO THE
_J11693 DECAY PI-iENOMENA OF TIIERMION[C EMISSION

FIROM OXIDE CATIIODE. E.Sugata and S.Nakamura.

Technol. l_ep. Osaka Univ. (Japan), Vol. II, 237-44 {Oct., I.q61).

The relation of the decay phenomena to initial velocity distri-
bution of electrons from an oxide coated cathode was examined by
the pulsive retarding potentlal method. When the oxide cathodes

are poisoned by 0 a gas, the velocity dispersion of electrons

increases. It _vas found that on a cathode of BaO poisoned by
O2 gas, (BaSr)O, and a composite-one(BaO covered with an evapor-

ated SrO film), the extent of velocity dispersion at the low-duty
cycle Is large, but as the duty cycle increases, Lhe velocity dis-
persion becomes smaller. The decay of pulslve emission from the
composite cathode for the hlgh-duty cycle depends on the thtcknesl

of the SrO film, which has poor conductivity. It Is concluded that the
initial decay of emission from the oxide coated cathode, which has

poor conductivity, depends mainly on the donor depression at the
cathode surface.

%3d0 INVESTIGATIONS ON THE DIRECT CONVERSION OF
ENERGY WITH A Cs-DIODE. K.G.Gffnther.

Z. angew. Phys. (Germany), Vol. lJ, No. 11, b01-tl (Nov., 1961).
In German.

An experimental Cs-diode was constructed. Electrode spacings
were from 1 mm to 1 em and the electrodes had a planar configura-

tion. The effects of the electrode materials and coatings on the
performance of the Cs-diode were observed. The emitters (cathodeld
were tantalum and molybdenum disks with coatings of LaB, and

ThO_, and the collectors (anodes) were copper disks with chromium,
nickel and silver coatings. A maxiumum efficiency of 16q_ waB
observed for a ThO_ coated emitter and Cr coated collector with

a caesium pressure of 0.3 torr and an emitter temperature olt
2zOO ° g. C.Greaves

Thermlonle properties of HfC. $. H. Ingold.
• J Ap Phys 32:2651 D "61

SEARCH FOR A NUCLEAR THERMIONIC EMITTER.

3069 P.Stephas.

Nucleonics (USAL Vol. 19, No. 12, 66.70, 72, 73 (Dee., 1961).

k,aterials with high melting I_ints and low evaporation rates at
high temperatures together with the available data on their

Uaermionic properties are tabul'Itcd. D_.'_ i.s i.n_deqctate, but tht-
caroides and borides of transition metals are promising materials
for use In thcrmionic converters. R.D.SmRh
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PIIOTOEMISSION FROM GALIJUM AI_ENIDE.
• 11696 A.N.Arsen'eva-Gcll' and Van Bao-kun' [Wang Pao-k'un|.

Fiz. tverdogo Tela (USSR), Vol. 3, No, 12, 3621-7 (Dee._ 1961).
In Russian.

The energy distribution of photoelectrons emitted when gallium

arsenide is illuminated by ultraviolet light was determined quantita-

tively for various carrier densities (n- and p-type). As the number
of electrons increased, the thermoelectric and photoelectric work
functions decreased and the number of fast electrons Increased.

Observations suggest the ex.istence of a compound band. The photo-
electric work function rose I;,;_.. ly wit:, the photon energy, and

this cannot at present be explained. See also following abstract.

[English translation in: Soviet Physics--Solid State (USA)].
G.D.Archard

AD-286 292 Dlv. 8. 25
(TISTE/CRJ) OTS price $7.60

Electron Tube Research Lab.. U. of Minn.

Minneapolis.
STUDIES OF PRIMARY ELECTRON SOURCES.

Scientific rept. no. 3, I Sep-1 Dec 61.
by B. E. Anderson. Aug 62, 44P; incl. illus.

tables, refs.
(Contract AF 19(604)8381o ProJ. 4619)
(AFCRL 62-597) Unclassified report

0ESCRIPTORS= *Thermionic emission. *Oxide
cathodes. *Cathodes (Electron tubes). "Super-
conductors, Alkaline earths, Semiconductors.

Barium compounds, Oxides, Aluminum compounds.
Tantalum compounds, Tantalum, Photoemission.
Life expectancy, Anodes (Electron tubes).

Photoelectric effect. Temperature, Electron
tubes.

An experiment in which oxygen and hydrogen were

admitted to a tube contsJnin 0 sn active-based
oxide ¢othode is described. The admission of

oxygen poisoned the cathode early in life and
permanently reduced the emission hy an order of
magnitude. Operation at an elevated temperature

and a complete reconversion to 1323 K did not
change the emission. Hydrogen was admitted at
low pressures and caused small changes in the
emission. The problem of evaporative cooling in

an oxide cathode during current drain was ana-
lyzed. Further data on the photoelectric yield

and thermionic pulse emission from BaO cathodes

produced by convertin 0 BaCO3 are presented. The
time-temperature dependence of the photoelectric
yield followin 0 a life period on a cathode is
discussed. _essurements of tunnel current

through AI203-AI samples are discussed. Results
of tunnel current measurements on thin film

Ts-Ta2OS-metal devices are described. Measure-

meets were made on samples having active areas
with AI and also with Au overlayers. Further
data are presented on the enhanced electron
emission from a superconducting field emitter

which occurs when the transition from supercon-
ducting to normal state is approached. (Author)
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'_464 {ARA-1029) STUDY OF MATERIALS FOR

TllERMIONIC CONVERTERS. Summary Beport No. l.

Philip Go_xtman and Ilarold Homonoff (Allied Research As-

sociateS, Inc., l_k_ston). Dee. 31, 1961. Contract Nonr-3385

(00). SOp. (AD-273533)
An examination was made of the fundamental properties

_l materialS, from a solid-slate physics and chemistry point

of view, with regard to those properties which most Influ-

ence their performance in thermtonle converters. The

underlying structural causes which determine the values of

such material properties as work function, electron affin-

ity, heat of vaporization, vapor pressure, thermal conduc-

tivity, Fermi level, etc. were examined for metals, Insula-

tor*. a.r_J semlcOV_tuctors. Both quantitative calculations

and qualitative correlations for various material classes

are discussed. In connection with this study, a compilation

was made of experimentally determined thermlon|e work

functions and Richardson A value_ for most non-elemental

emitterS. (auth) /'V _ i {s_

r
2010 PROCEDURE FOR DETERMINING THE WORK FUNCTION

OF SURFACE MICROREGIONS ON "IHERMIONIC CATHODES
A.V.Druzhinin.

Izv. Akad. Nauk SSSR, Ser. fiz., Vol. 25, No. 6, 730-4 {1961). In

Russian. English translation in: Bull. Acad. Scl. USSR, phys. Ser.
(USA), Voi. 25, No. 6, 742-7 (Jut .',1961).

"Electron Microscopy" Conference Paper, Leningrad, October,
1960 (see Abstr. 22268 of 1962). The distribution of the work function

over the surface of compressed cathodes composed of barium-calciun

tungstate, aluminium and tungsten, and of L-cathodes was investigated

by measurement of the current density in an element of the image in

an emission microscope and application of the Richardson formula.

The resolution el the method is mainly determined by the chromatic

aberratio_ of the electrostatic immersion objective employed In the

instrument. The results show a small scale distribution (I p dia.

patches) o! high emission and further variation over a large scale

(10U dia. patches). _ (_ _ V.R.Switsur

Magneto-Thermionlc Power Generation, A.SCHOCK. AIEE--Trans
v 80 pt 2 (Applications l, Industry) n 58 Jan 1962 p 398-403.
Design concept presented improves under certain conditiotm, ef-
ficiency of thermlontc ge_nerators, a..,wJ envlsages application of
magnet-it field perpendicular to electrode surface; applied field
counteracts adverse effect of self-induced transverse magnetic

fields present in large thermionlc generators: in addition, ap-
plied magnetic field may be used as modulating device in order
to generate alternating current, paper 60-1033. _:_" (_
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THE ANODES OF TtIEI_MOELECTRONqC CON_'ERTERS.

22160 • V .G.13ol'shov and A.A.Zharin°v.

Zh, tekh. Fiz. (USSR), vol. 32, No. 2,214.19 (Feb., 19;;2}.

In Russian.
The power and efficiency of a thermoelectroniC (thermionic)

converter can be increased by reducing the avera_,' wurk function of

the anode. During operation cath,_Je material_ are evaporated on to
the anode and control the work function. A contact potential
difference method was used to determine the work functions of ZrC,

TaC, and tic + grC evaporated layers in Cs vapour at various press-
ures. The Cs vapour has most effect on the TaC evaporation pro-

.... - uein_ the work function to about 1.0 eV at a pressure of

_d_0_Smm_fg . [En_|ish trans|_,t,on In. _,,, let PhysiCs Techrtical

Physics (uSA), Vol. 7, No. 2, 152-5 (Aug., 1962)J. _(,_t.-tC_o1.......Greaves

THERMOELECTRON EMISSION OF SOME REFRAC'roRY
Y22249 COMPOUNDS. T.L.Matskevich and T. V.Krachlno.

Zh. tekh. Fiz. (USSR), Vol. 32, No. 2,220-3 (Feb., 1962). In Russixn.

Measurements were made offthe temperature dependence ol the

thermionic emission current density for NbC, solid solutions of

NbC-UC with 14.4c_ U and TaC--UC with 20qo UC, and ZrC.

results indicated that even when activation was not very careful,
current densities of 1 and 4 A/cm t were obtained from non-

deactivated NbC-~UC and TaC--UC at 183# and 2130°K respectively.
These materials are therefore of interest for use as cathodes tit

thermionic convertors. [E.,_lt.sL translation in: SOviet P'n_slcl--
Technical Physics (USA), Vol. 7, No. 2,156-8 (Aug., 196Z)|.

C.Greavee
i"o v-

AD-299 966" Olv. 8
(TISTE/OHD) OTS price $9.10

Electron Tube Research Lab., O. of Minn.,

Minneapolis.
STUDIES OF PRIMARY ELECTRON SOURCES.
Scientific rept. no. &, 1 Dec 61-1 Bar 62,

by D. E. Anderson Sep 62, 68p. illus.

(Contract AF 19(604)8381, Proj. 4619)

(AFCRL 63-5) Unclassified report

DESCRIPTORS: eThermionic emission, mCatbodes.

mField emission. Oxide cathodes, Electro-

magnetic pulses, Thickness, Measurement, Dielec-
tric films. Metal films. Superconductors.

Electrons. /_



I]336 (UCRL-6_20) TIlE EFFECT OF BANDSTRUC-

TURE ON THERMIO.NIC EMISSION. W. E. Splcer (Cali-

fornia. Untv., Livermore. Lawrence Radiation Lab.).

Mar. 13, 1962. Contract W-7405-eng*48. 21p.

The problem of thermionic emission from a solid was

treated theoretically for any general band structure with-

out assuming the Drude-Sommerfeld free electron model.

It is shown that only the bands which have a finitedensity

of states near the vacuum affect the emission. For these

bands, it is the areal density of states in the plane perpem-

dlcular to the direction of emission near the band mi_ma

which are of importance. Specifically, the rate of arrival

of electrons with sufficient energy to escape ever the sur-

face barrier Is Jc = eDc exp (- e_c_/kT) where I)¢Is a

function of the hand structure near the band minima in the

plane perpendicular to the direction of emission and of the

temperature. For emission into a vacuum, the maximum

value of the current density is AT _ exp (-e_r./kT) whera

A = 120 amp/cm2('K)l; however, A may have any value less

than 120, depending on the band structure of the solid, la

the latter case, there will be a reflectivltyof magnitude

(1 - A/120) due to the density of states in the solid for ex-

ternal electrons incident on the solid with thermal e_r-

/I SPECTRAL ANALYSIS OF LIGHT EMITTED FROM AN
689 OXIDE-COATED CATHODE DURING THERMIONIC

EMISSION. C.H.B.Mee.

Nature (GB), Vol. t93, 1066 {March 17,196_).
The green-blue discharge observed when high current densities

axe drawn in vacuum tubes containing oxide-coated cathodes

examined spectrographically. Lines due to Ba, Sr and Ca were

observed; in addition to those in the range 4300-5600 A, previously
reported by Debiesse and Champeix (Abstr. 3093 of 1949), relatively
intense lines in the region 4300-5600 A were obtained.

C.H.B.Mee

8952 (UCRL-OS09{Rev. 1)) EMISSION CilARACTER-

ISTICS OF TANTALUM, TUNGSTEN, ltHENPJM, AND

I1RIDIUM IN PLASMA DIODES. W.H. Gust (California.

Univ., Livermore. Lawrence Radiation Lab.). Apr. 2,

1962. Contract W-7405-eng-48. IBp.

Experimental determinations of the ionic and electronic

emission characteristics of tantalum, tungsten, rhenium,

and iridium cathodes in vapor thermlonlc converters are

compared. It is shown that tantalum provides superior

thermal ionization qualities at high pressure compared

with tungsten, rhenium, and iridium, lllgh electronic cur-

rent densities may be obtained from cesium on rhenium aM

cesium on Iridium at much lower cesium vapor pressures

than for tantalum or tungsten. (auth) _i _t I _
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DETERMINATION OF MECIIANICAL, CHEMICAL
• 18992 AND TIIERNilONIC PDOPERTIES OF TIIORLAYED

TUNGSTEN. P.3ehneider.

Vide (France), Vol. 17, 182-5 (March-April, !962). In French and

English.
Using an apparatus described in a previous palx_r (Abstr. 3209

of 1958), the critical load and the critical deflection were determined

for six samples carbonized under standard conditions (sp_.cified),
five of which were also additionally carbonized for 5, I0.15,20 and

25 sec. The curves showing the dependence of critical load and .
critical deflection on the time of additional carOonization were found

to be straight lines (with a negative slope for the low-quality, and

zero slope for the good-quahty material). The content of Th

(be..ide ThO a) wa_, determined by using Complexone [] (EDTA).
The average contents should be 1.5-2.0(_ ThO_ and 0.I-0.5_o Th.
The thermionic emission and activation were determined in a

laboratory dio:le. F.La_hman -

J11691 EMISSION CHARACTERISTICS OF A PHILIPS
IMPREGNATED CATHODE. R.F.HiU and S.R.Rouze.

J. appl. Phys. (USA), Vol. 33, No. 4, 160"/-8 (April, 1962).

The emission characteristics of _, Philips Impregnated-'/_ype B
Cathode were investigated on a thermionle em[sslon microscope at
various operating temperatures. Before "activation" the emission
was patchy, but after activation at 1250°C the surface was more
uniform. A granular structure was observed at about 980'--1040°C

and again above 1150°C. However, In the recommended operating
region between 1090' and 1150°C, a monotone surface of median

structure was observed. _ C.Greaves

_016 DETERMINATION OF THE THERMAL EMISSION

CONSTANTS FROM THE ENERGY DISTRIBUTION CURVES

FOR TIIERMOELECTRONS AND POSITIVE IONS.
E.Ya.Zandberg, N.I.Ionov, V.I. Paleev and A.Ya.Tontegode.

Fh. tekh. Fiz. (USSR), Vol. 32, No. 4, 503-16 (April, 1962). In Russian.

English translation in: Soviet Physics-Technical Physics (USA),
Vol. "/, No. 4, 363-'/2 (Oct., 1962).

A qualitative investigation is made of the delay curves, InJ = f(V),
of the thermionic current in the absence of a volume charge. The
study is made for both plane and cylindrical electrodes with a non-

uniform work-function, for two cases: compensated and uncompen-
sated external spot contact field. It is shown that the delay carves

permit determination of the temperature distribution of the thermo-
electrons and evaluation of the degree of nonuniformity of the elec-
trode work-functions. The relation between the eom, entional contact
potential difference V_ determined from the delay curve, and the

.contact potential difference obtained from the difference of the aver-

age values of the cathode _ and anode _] work-functions, averaged
over the total current, is found. An analogous investigation is carried
out for positive-ion current delay curves, the positive ions appearing
at the cathode due to surface atom ionization. The results of the

analytic study were verified for the case of the compensated spot

field by means of a study of the delay curves for thermoelectrons and
positive caesium ions for a cylindrical triode filled with caesium
vapour. A study was also made, using the same tube, of thermoelec-

y onicspace-chargecompensationby ositivecaesiumions. 3
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_J2639 DETERMLNATION OF MECHANICAL, CIIEMI-

CAL AND TIIERMIONIC PROPEItTIES OF TIIORIATED

TUNGSTEN. Petr Schneider. Vide, 17: 182-5(Mar.cApt.

1962). (In French)

J ThoriatcdW samples were subjected to graphite layer

removal, carbonizing, and decarbonlzing in hydrone and

benzene vapor atmosph_.,rcs at 2200"K, then they underwent

mechanical property measuremeni at specified critical

loading, quantitative chemical determination, and Ihermi-

chic testing at 1900 to 2200"K at specified voltage and

pressure, to study the amount of thoria and Th content,

thermionic emission, mechanical properties, critical de-

flection, and weight changes. (Rev. Metal Lit., 19: No. 9,

Sept. 1962) /v ,hA '_

34/,3 (AD-276411) IIEAT DIODE CONVERTER. In-

terim Scientific Report No. 4, February 1, 1962--April 30,

1962. (Westinghouse Electric Corp. Research Labs.,

Pittsburgh}. May:0, 1962. ContraetAF33(616)-8262.

89p.

Work on the thermlonlc emission properties of refractory

materials in cesium vapor progressed and some new fea-

tures of the behavior of refractory metals in high cesium

pressure were observed. Measurement was continued of

saturation emission currents in a cesium plasma anode dis-

charge tube. The electron reflection measurement technique

proved satisfactory, and a set of experiments for copper 1$

reported. A complete set of measurements was taken for

the thermal conductivit_ of cesium vapor. A complete anal-

ysis was carried out for all the previously done measure-

ments of tb_ evaporation of molybdenum in ees!u_- vapor.

_auth) SN" _ Fi / {_ 3

THE EFFECT OF AN ELECTRIC FIELD ON THE
18660 ELECTRON TEMPERATURE, ELECTRICAL CON-

DUCTIVITY AND THERMIONIC EMISSION OF SEMICONDUCTOP_. V.
l.M.D_,kman and p.M.Tumchuk.

Flz. tverdogo Tela (USSR), Vol. 4, No. S, 1082-94 (May, 1962).
In Russian.

The results of earlier work (Abstr. 14419-21 of 1961) are

generalized to the case when the conduction electron density differs

from the concentration of impurity ions. The role of the optical
lattice vibrations and their effect on the conductivity and the electron

gas temperature are discussed. A method of allowing for the optical
vibrations is given for the case of interaction between electrons.
The coefficient p in o = _o(1 + /_1_) Is calculated; here, _ Is the

conductivity, ao is the ohmic value and F is the electric field. The
value of # is affected by the choice of the electron momentum
distribution. [English translation In: SOviet Physics-SOlid State

(USA) [. S.Chomet

........ _^L__

THE EFFECT OF AN ELECTRIC FIELD ON THE.
23289 ELECTRON TEMPERATURE, ELECTRICAL CON"

DUCTIVITY AND THERMIONIC EMISSION OF SEMICONDUCTORS. V.

|.M.D_kman and p.M.Tomchuk.
Fiz. tverdogo Tela (USSR), Vol. 4, No. 5, I082-94 (May, 1962).

In Russian. Engllsh translation in: Soviet Physics--Solid State

(USA), Vol. 4, No. 5, "/98-806 (Nov., 1962). /_
For abstract see Abstr. 18660 of 1962. {") /'_

2982 THERMIONIC EMISSION OF IONIC SEMICONDU'CTORS

IN STRONG FIELDS. K.B.Tolp_'go and G.V.Chaika.

Flz. tverdogo Tela (USSR), Vol.4, No.5, I146-53 (May, 1962).

In Russian. English translation in: Soviet Physics--Solid State (USA),

Vol. 4, No.5, 845-9 (Nov., 1962).
For abstract see Al,str. 21203 of 1962. |)/_ '_O "_
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THEIIMOELECTItIC EMISSION OF IONIC SEMICON"
/ 21203 DUC'FOIIS IN STRONG FIELDS.

K.B.Tolp_go and G.V.Chaika.
Fiz. tverdc_go Tela (USSI0, Vol. 4, No. 5, 1146-5_ (May, 1962).

In Russian.
The thermoelectric emission from a semiconductor cath(zie

is calculated taking into account both concentration and temperature
of the electrons under the action oI an external (icld. It is sllown

that under normal conditions the variation in thermoelectric emission
due to heating up of the electron gas by the passage o[ current plays

only a minor r_le because of the increased concentration of electrons
and the enhanced conductivity within the surface layer of the senti-

conductor. The heating of the electrons need _mly be taken into con-
siderathm for semiconductors with high ele('tron mobility and for

large currents. For th:.s case the calculation cotffirms qualitatively
the Coii_'-I uSiOI'I Of Levitin aboat the presence uf a second space

charge ret,'ion. In addition there is also the pussibdtty of a "break"

and a sharp increase of emitted current on attaining a definite anode

voltage. [ English translation in" Soviet Physics-Solid State (USA)].
,/A ¢V'_T'Mulvey

THERMIONIC EMISSION FROM MOLYBDENUM IN
_/13584 VAPORS OF CESIUM AND CESIUM FLUORIDE.

R.L.Aamodt, L.J.Brown and B.D.Nichols.

J. appl. Phys. {USA), Vol. 33, No. 6, 2080-5 {June, 1962).

"$ curves", similar to those given by Langmulr for electron

emission from tungsten in caesium vapour, are presented for

electron emission from molybdenum in caesium vapour. ItIs

shown that the addition of caesium fluoride greatly enhances the
electron emission. The minimum effective work function of the

Cs--CsF-Mo surface is 1.38 _*0.05 eV, while that of the Cs--Mo

surface is 1.68 i 0.05 eV. The new cathode may.be useful In

thermionic converters, pf_ f (¢_._

20I? EMISSION OF "'HOT" ELECTRONS FROM GERMANIUM.

Yu,K.Pozhela and V.I.ShilaPnikas.
Fiz. tverdogo Teta (USSR), Vol. 4, No. 6, 1601-3 (June, 1962). In

Russian. English translation in: Soviet Physics- Solid State (USA),
Vol. 4, No. 6, 11'/3-4 (Dec., 1962).

For abstract see Abstr. 20017 of 1962. t)/._ ({_'_

/
I'/35 EMISSION OF "HOT" ELECTRONS FROM GERMANIUI_I'.'"

¥u.K.Pozhela and V.l.Shilal'nikas.

Fiz. tverdogo Tela (USSR), Vol. 4, No. 6, 1601-3 (June, 1962). In

Russian. English translation in: Soviet Physlcs- Solid State (LISA),

Vol. 4, No. 6, 11'/3-4 (Dec:.,1962),
For abstract see Abstr. 12200 of 1,82. _ I b_2_
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._000 TIlE APPLICATION OF TIIORIUM CARBIDE TO TIIE
TIIERMIO,_IC CONVERSION OF ltEAT INTO ELECTRICAL

ENERGY. N.D.MorguBs and yu.PKorchevoi.
Atomnaya Energiya (uSSR), Vol. 16, No.6, 317-19 (June, 1962). In
Rx_ssian. English translation in: Reactor Set. Technol (GB), Vol. 16,

317-19 (June, 1962).
This paper is the result of studies into the production of a single

component material giving an appreciable emission at temperatures
of the order of 2000 oK which at the same time would not have too
low a work [unction. It was found that it was possible to achieve an

efficiency of 1O to I$rc _md a power density of about 1O W cm "_ at
2000 K using a thorium carbide cathode in a caesium vapour diode.D.Llanwyrj-Jone|

• RECOMBINATION RADIATION EMITTED BY GALLIUM
23393 ARSENIDE. R.J.Keyes and T.M.Quist.

Prec. Inst. Radio Engrs (USA), Vol. 50, No. 8, 1822-3 (Aug., 1962).
Forward-biassed Ga arsenide diodes, made by diffusing Zn

into an n-type monocrystalline wafer, were found to radiate energy
at levels corresponding to the energy gap. At 770K the conversion

efficiency of injected holes to photons at 1.44 eV, assuming a quantum
efficiency of unity, may be as high as 85_; radiation extending into

the visible region was also observed. At 298°K two peaks were
observed, one at 1.33 eV and a lesser, flatter peak at 0.95 eV.
The diodes could be switched in 2 nsec, so that the emission could

be modulated at 100 Mc/s. Forward-blassed diodes with high-

conversion efflctencies producing emission close to the band gap
act as refrigerators, because the Injected holes came from the high-

energy tail of the Fermi distribution. C.FroAnberg

Ionization of Cesium at Surfaces, W.B.NOTTINGHAM. Massa-
chusetts Inst Technology--Research Laboratory of Electronics--
Tech Report 405 Aug 17 1962 p 1-12. Indications from voltage-
current curves of thermionic power converters suggest increased
ionization at. or very near, ceslum-coated surfaces by low-energy

electrons; experiments conducted to study this phenomenon qu_m-
titatively for low cesium concentratlO_ _'3

o.

Energy Distribution for Electrons in Thermlonic Diode Plasma
Cannot be Truly .Ma_welllan, W.B.NOTT1NGIfA-M. Massachusetts
lnst Technology--Research Laboratory of Electronics--Tech Re-
port 405 Aug 17 1962 p 13-2B. For refractory emitters c_.cra'.ed
in energy-conversion diode, ratio of emitter temperature to ces-
ium temperature strongly influences operating properties; if this
ratiO exceeds 3.2, ton-rich sheath usually forms at emitter aur °

,.j_.,OP.
face; electrons are acceh:r_ted in plasma space by this _'_'_

potential; analysis shows that at open-circuit condition, energy
distribution of electrons at plasma edge of emitter sheath cannot
be true Max_ellian over entire range in electron ener_'. _-¢_

,AD-289 548 Die. 8
(TISTP/WII) OTS price $4.60

ge_lett-Packard Co.. Pulo Alto, Calif.

INVESTIGATION OF llOT ELECTRON ENITTER.

Scientific rept. no. 1. I June-31 Aug 62.

31 Aug 62. lv. incl. illus. _ refs.
(Contract AF 19(628)1637. ProJ. _608)
(AFCRL 62-772) Unclossi/ied report

DESCRIPTORS: *Semiconductors, *Thin films.

*Electrons, *Triodes. *Electrical properties,

Gold, Silicon.

A theoretical and experimental study has bees
carried out on the characteristics of semicon-

ductor-metal bsrrlers. Particular emphasis
was on details of mechanisms relating to the

possibility of utilizing such barriers as
emitters of hot electrons or hot holes for

high frequency thin film triode applications.

(Author) /_%
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5577 (GA-3323) INVESFIGATI()NS O1- CAIIIHI)ES .\S

CATIIODES l.OIt 'FllEI(M1OXIC SPACE RI,_.XCTOItS. Final

Report, May iS, t_J_;l-.\u_ust 31, I_JG?, X. F. _,Veinbcrl_,

II. G. Ih|dson, 1.. Yang, and 1:. D. Cavl_-'ntcr (General

Atomic Die. Gen0,ral Dynamics C*_rl)., ._an Dit'_o, Calif.).

Contract NAS_-1233. lt;0p.

The physicoehemieal I)rOl _t'vties of mixed carbides t,f U

and Zr _tert, mt,:isured It) tletermint' tht' usefulness of these

ntalt'rials as nut.lt,itr-h¢;ttet! tilel'lllit_nic emitter._, t)r its the

nueh,ar fuel for rL, ft'actory-metal tbt.rmionie cells. Prop-

erty I]lea._Ul't'll't('nt :4 of other eal'l)iclt' s)'stt'm"i having poten-

ti;il ;is thcrillit,ni¢ _ euiRter_; were aI:_o i;i'r.rorit:cd.V;ipor-

loss data for mixt,d earltidc.,s were obtained in vacuum to

deterntine the effects of teml_'rature, time of eXl_surc,

U : Zr ratio, arid Sl*t'eimen density. At 19_1. to 20t.3"K, the

*rate of weight loss for SlX'cimens of nominal composition

9{) mol-', _ UC-10 mol-'_- ZrC can be expressed as log _,. =

9.72 - 3.05 x 104(I/T)0 where _' is the rate of weight loss in

mg/em_/see and T is the absolute temperature. At 2130 to

2400°K. the rate of weight loss for slx, eimens with compo-

sitions ranging from 14 mol-"_ UC-88 mol-'_ ZrC to

19 mol-"_, UC-81 mol-'T ZrC can be expressed as log _" =

._.30 - 3.03 x 104(I/T). The introduction of a low-pressure

(0.06 to 0.09 Tort} Ca-vapor environment was found to have

no effect on the rate of weight loss. Studies were all0 con-

ducted on the redistrih.tion of the carbide components (lur-

ing long-time exposures and the relation of this redistribu-

tion to the rate of weight loss and the electron-emission

characteristics. The rate of weight loss for a Sl_'cimt'n of

nominal composition 20 mol-_ UC- 80 mol-'_ l'[fC was de-

termined at 2063* i II'K. Vacuum eleetron-emis_.ion meas-

urements were made for a series of mixed eat'bides of

varying U : Zr ratio. It was determined that these carbides

behave as :lispenser cathodes whose emission is not depend-

ent upon the bulk U content..Methods of disturbing the U-

metal monolayer on the specimen surface, which is requi-

site to good electron emission, were studied, as were

methods of "reactivating" the layer after it had been re-

movt,d. Electron emission front all of the carl)ides attained

the useful level of 5 an_p/cm t at temp_-,ratures below 2000*K.

In this temlx, rature range, the materials loss from speci-

mens of high UC content would be loss than 3 mils/yr and

that from specimens of loss, UC content less than I rail/yr.

Materials compatibility as related to the °° marri._e" of

reactor fuels to refractory-metal thermionie emitters was

studied. Four mttals_W, Me, NI), ,and Ta were studied in

combination with UC, UC 2, and UZrC at 1200 to 2000"C for

times up to 1000 hr.. The tests showed that only two of

these materials combinations are compatible at tempera-

tures to lb00"C: Wwith UC (or UZrC mixtures}, andMo

with UZrC mixtures of low UCcontent. Barrier layers of

R(% W-25 wt-_ Re alloy, and ZrC were also investigated°

w'ith only ZrC proving effective for this application. To

provide data for the engineering design of thermionie re-

actors using mixed carl)ides, measurements were also

made of the electrical anti thermal eonductivities of these

materials at temperatures up to reactor operating ranges.

(aut}-,) M e_ f_s I 6

2061| ACTIVATION PIIENOMENA IN URANII#M-

BL'ARING EMIT'rERS. G. A. ltaas (Naval Research Lab.,

Washington, D.C.). Advan. Energy Conversion, 2:389-90

(July-Sept. 196g).

Activation effects in the thermionic emission of various

uranium compounds appear to be caused by the formation

of free uranium on the surface of the emitter. (autl_
I

14819 (GEST-2009) THERMIONIC EMITTER MATE°

RIAL PROPERTIES. Technical Summary Report, Sep-

tember 15, 1961 through September 16, 1962. L.N.

Grossman, E. W. IIoyt, J. H. Ingold, A. I. Kaznoff, and

M. J. Sanderson (C, eneral Electric Co. Vallecitos Atomic

Lab., Pleasanton, Calif.). Oct. IS, 1982. 208p.

The thermal, mechanical, chemical, and electrical

properties of uranium and thorium-bearlng carbides and

two rare earth hexaborides, EuB G and yB6, have been

studied to determine their applicability as fuel-emitter

materials. The thermal shock resistance of uranium bear-

ing carbides is Inadequate to maintain the required fuel-

emitter structural integrity. The thermal and electrical

properties of carbide materials are superior to corre-

sponding oxide materials and have significant uses in clad

fuel-emitter concepts. The work functions of bulk carbide8

generally f,'di below that of tungsten. The work functions of

rare earth hexaborides range from _4.8 v for EuB, to

~2.2 v for YBs. The vapor pressures of the rare earth

borides indicate that an upper temperature of _1400"C

exists for any application involving prolonged time. Ce-

sium compatibility tests indicate marked sensitivity o(

carbon-rich carbide materials to cesium attack in peri-

ods <500 hr. Betide materials appear resistant to cesium

attack, which produced deterioration of the carbides.

............._v36_
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2041 AN OPVICAI.LY I.AI_CE-FIEI.D EMISSION
_IICI_OSCOI:II FOt_ TIIEPMIONIC RESEARCH. A.Sandor.

J. Electronics .iJ,(I C_,,trol (GI3), Vol. 13, No. 3, 231-47 (Sept., 1962}.

Based on the philo$,*phy that _tationary large-field observations
of emission phenomena are very suitable for pronloting research in

thermionic emission, a large-object ,and large-screen electron emi-

ssion microscope of great experimental versatility was realized.
In an effort to study basic physical factors it is more stinmlattng

to work with an optically large-field and low magnification system
which greatly increases the chances of finding single phenomena
among a larRe number of discrete ones. This eliminates the need
for a taborious isolation from a multitude of unilateral conditions

of unpredit'table characteristics such as, for instance, emission
from random planes in single cystals. Worth-while phenomena may

then be singled _:ut for studies or rep:-oduction on ? ,:.:,-.des scale.
With the magnetic tWOostage emission microscope observations of

3 mm diameter emitter surfaces en a 530 him diameter phosphor
screen are made _'ith a resolving power of 2000 A at moderate

voltages not higher than 16 kV. Vacuum resolution is estimated
to reach the practical limit of 1100 A. It is shown that a race for

extreme magnifications and acceleration voltages is futile since
there are basic limitations to resotving power due to the initial

velocity spread of electrons, to diffraction, refraction and to
• surface structure. The development of the instrument is _,hown in

detail employing concepts of applied electron-optics. Observation•

of several emission phenomena made so far led already to new

knowledge in various branches of thermionic emission. _.._ {l_'_

/ 2062| EXPERIMENTAL STUDIES OF TBE EMISSION

AND DISCHARGE CHARACTERISTICS OF THE Ta-Ct

SYSTEM. M.D. Gibbons (General Electric Co., Schenec-

tady, N.Y.). Advan. Energy Conversion, 2: 527-43(Julyo

Sept. 1962).

",d Emission and discharge measurements made on a Cs-

Ta emitter in a tube with parallel electrode geometry and

with art adjustable emitter-collector spacing are described.

Emission results indicated that this particular Ta-Cs

emitter surface has an emission capability greater than

that reported by Taylor and Langmuir for Ca-W, while

the emission maxima are shifted to lower temperatures.

This increase In emission over that usually reported for

Cs-Ta is believed due to a preferred orientation of the Ta

surface. The large enhancement of the emission during the

discharge is believed due to the lowering of the work func-

tlon by the effective increase in the adsorption of Cs which

is due to the increased arrival rate caused by the retard-

In; f!cId for ions. This mechanism Is probable in the region

where the surface ionization is expected. The discharge
studies involve the measurement of the breakdown and

maintenance potentials of the hot c_t._r-_b, arc discharge

for various saltier-collector spacings, emitter tempera°

tares, and Cs pressures. Corrections for the contact

potential and sheath potentials are applied to the experi-

mental data. For a pressure the order of I am, and high

emitter temperatures, the res,Jlts In _.leate that the magrdo

rude of the emitter sheath potential is close to the first

resonance level of Ca. This strongly suggests a multi-step

/ process. (nuts ,%-_#) t_. 3

AD-286 700 Die. 7

(TISTP/MS) OTS price $2.60

General Atomic DIv.. General Dynamic• Corp.,
Sen Diego, Calif.
HIGH-TEMPERATURE VAPOR-FILLED THERMIONIC
CONVERTER.

Quarterly technical progress rept. 1 July-30
$ep 62,

by N. Godsln. 10 Oct 62, 14p. incl. illus.
2 refs. (Rept. no. GA-3562)
(Contract AF 33(657)8563. ProJ. 8173)

Unclassified report

DESCRIPTORSt nElectric power production,

SPower supplies. *Thermlonic emission, Uranium
compound•. Carbides, Zirconium compound•,
Vacuum systeII.

Cell E was operIted for 1034 hours, proving the

feasibility of continuous hlgh-temperature long-
term operation of carbide emitters. The output
current (and power) of the cell was lower than

desired due to apparent low e_lsslon from the

carbide emitters used In Cell E The reasons why
the expected higher currents were not obtained Is

Cell E, remains the central problem under

investigation. A I0 UC - 90 ZrC emitter is In-

stalled in Cell F. Thermocouple installation and
calibration end hioh-temperature vacuum emission

tests are being conducted prior to the final
closure of the cell. A second cell structure is

on hand and an emitter will be installed pending
the results of surface preparation. Vacuum
emission studies of three UC compositions--S0 tic
90 ZrC. 30 UC - 70 ZrC. and 90 UC - 10 ZrC--

demonstrate that emission behavior it essentially
independent of bulk uranium content. The pre-
sence of some uranium on the emittln O surface is

of the utmost importance. Intentional poisoning
of the surface of sample emitters was produced by
exposure to air at room temperature. In order
to maximize the probability of satisfactory

performance, we have concluded that It is neces-
sary to properly activate the emitter surface
in addition to providing • clean cell environ-.---

ment during operatlos. (Author) /_



AD-296 369 Div. 8

(TISTE/OHb) OTS price $9.10

David Sarnoff Research Center, Princeton, N. 3.

RESEARCH IN ELECTRON EMISSION FROM

SEMICONDUCTORS.

Final rept., 1 Oct 60-30 Sep 62,

by R. E. Simon, E. K. Gatchell and others.

30 Sep 62, 99p. incl. illus, tables, refs.

_eept. no. 16)
(Contract DA 36-039-sc-87388. ProJ. 3A9_-13-001-

01)
Unclassified report

DESCRIPTORS: mSemiconductors . *Thermionlc

emission. Electron transitions. Electric
flelds. Cathodes. Field emission. Cesium, Sili-

con. Analysis, Semiconducting films. Diffusion.
Solid state physics. Injection. Heat treatment,

Argon. Ion bombardment, Manufacturing methods.
Photoelectric effect. Measurement.

These studies of hot electron emission from semi-
conductors Include a review of the literature on
hot electron effects in semiconductors and the

theoretical study of electron-electron inter-
actions in semiconductors and metals. The re-

quirements for a p-n Junction hot electron
emitter are discussed, and u method of prepara-
tion of these emitters of silicon and studies of

their properties are described. An emitter with
on injection contact is described but emission
measurements of this device have not been made.

"Attempts to clean silicon in vacuum by low tem-
perature heating and by argon bombardment without
annealing are discussed. Measurements on the

interaction of cesium with silicon are reported.
While it has not yet been possible to produce an

emitter with optimum properties, the groundwork
for such an emitter has been laid. (Author)

_D-286 693 DIe. 8. 26

(TISTE/JBM) OTS price $2.60

ktomics Internatlonal, Canoga Park. Calif.
UNIFORM WORK FUNCTION CATIfODE STUDIES FOR

THERMIONIC CONVERTERS.

_ucrterly rept. no. I. 12 July-12 Oct 62.

by M. N. lluberman. Oct 62. 25p. Incl. illus.

ref|.
Contract AF 33(657)8726)

Unclassified report

DESCRIPTORS, *Thermlonic emission, ann.bodes.
*Generators. *Electric power production.

Cesium. Diodes. Temperature. Tests, Measure-
ment, Work functions. Manufacturing methods.

Test equipment. Standardization. Materials.
Molybdenum. Sodium compounds_ Hydroxides."

Electrodes. Vapor plating. Crystals. Growth.
Pyrolysis, Molybdenum compounds, Fluorides.
Chlorides. Carbides. Casting. Chemical milling.

Potassium compounds. Processin 9.

Uniform work functions of thermionic converters

were investigated. Theperformance of cylindri-
cal converters which have e_ftters with uniform
work function surface was evaluated. Chemical

vapor deposition techniques were developed for
the fabrication of nonplanar emitters of practl-
cal design which have improved uniformity of work

function over the uniformity of work function of
standard polycrystalllne emitters. The develop-

ment of thermionic converters having emitters of
improved uniformity of work function may result
in increased efficiency and power density. A

converter test stand was assembled, equipment

associated with the test stand was calibrated,
and deposition samples were fabricated.

CAn.hot)
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70,313 EXPERIMENTAL RESULTS ON SELECTION OF
TIIERMIONIC CATIIODES FOR REACTOR

APPLICATION

Yang, L., Welnberg, A. F., Carpenter, F. D., Iludson, R. C.
(General Dynamics Corp., San Diego, CaliL)
Am:dean Rocket Society, Inc., New York, N.Y.

2_550-62

(Presented at the Space Power Systems Conference,
Santa Monica, Calif., September 25-28, 1962)

Two arrangements of thermionic emitters with uranium-

bearing fuel elements are being investigated for application in
the direct conversion of fission heat to electricity. They are

(1) uranium-containing carbides which serve as both fuel

element and emitter, and (2) refactory metal emitters clad

around uranium-containing fuel. Both types must meet the

nuclear requirements of a reactor fuel element as well as the

thermionic requirements of a power converter. For carbide

cathodes, material loss by vaporization and emission degrada-

tion from surface changes are the factors which determine

converter life and performance. For refractory-metal-clad

cathodes, the diffusion of the components of the fuel into the

clad and degradation of emission from cathode surface eon-

taminative are the critical factors. These aspects are discussed

on the basis of existing, experimental data.
I

AD-290 955 Div. 7. 8
(TISTE/OIID) OTS price |3.60

Texas Instruments, Inc., Dallas.
LOW WORK FUNCTXON SEMICONDUCTOR COLLECTORS.
Summary rept. no. 1, I July-31 Oct 62 on Basic
Research in Thermionics, Part 2,
by R. g. Chapman. li. V. Ilemstreet and others.
Nov 62. 30p. incl. illus, tables. 32 refs.
(Contract Nonr-370500, Proj. NR 099-J6&)

Uncl,assl/led report

DESCRIPTORS: _Thermlonic emission, eMork
functions, wSemiconductors. Cesium compounds.
Thin films. Semiconducting films. Vapor plat-
ing. Voltage, Antimony. Tellurium. Tungsten.
Tantalum. Experimental data.

Cesium-antimony sad. in one case. cesium-tellur-
Ium compounds as film coatings on nickel sub-
strafes were investigated for possible collectors
In thermlonic energy converters. The reactant
metsl was deposited on the substrata and later
reacted with cesiuta. No difference was detected
among antimony films evaporated in the experi-
mental tube. evaporated before assembly, and
electroplated. Film thicknesses were in the
range 1000 - I0_000 A. Two types of metal-glass
experimental devices were utilized. In most
csses, the thermlonlc work function was measured
by contact potential difference with an electron-
emitting refractory metal. Cesium reservoir
temperatures were used from 75 to 125 C. The
collector temperut,re in most cases was sot more
than 1_ C higher titan the cesium reservoir tem-
perature, but in one device was roughly 100 C
higher. It was found: (1) the thermionic work
function of the cesium-antimony coate_ nickel
collector was in bo_ae experiments |._ _ 0.1 eV_
(2) the thermlonte work function of the cesium-
t_lluriom coated nickel collector was consist-
ently 1.2 a 0.1 eV in the one experiment ran with
this collector; (3) more control must be obtained
over film thickness and chp_tcal purity to de-
termine the cause of the variation In observed

thermionlc work function. (Author) /_._

111



AD-295 109 Div. 17, 25

(TISTM/EJH) OTS price 04.60

Denver Research Inst., Colo.
INVESTIGATION OF THE CHARACTERISTICS OF INTER-
METALLIC COMPOUNDS AS TIIERMIONIC EMITTERS.

Annual technical summary rapt. no. I, I Nov 61-

31 Oct 62.

by C. B. Maven, M. J. Pool and others.
31 Dec 62, 43p. incL. illus, tables (Rept. no.
DRI 2079)

(Contract Nonr-336101, ProJ. NR 099-362)
Unclassified report

DESCRIPTORSg ,Intermetallic compounds, WBeryl-

lium alloys, mZirconium alloys, *Niobium
alloys, ITherm'ionic emission, Vaporization,
Heat of ..... =-'" _...halpy,,.u,,..=.ion, _'" Thermodynamics,

D/odes, Laboratory equipment. Cesium, Vapors,
Thermoelectrieity. Vacuum apparatus.

Equipment was designed and fabricated for the
determination of evaporation rates of intermetal-

lic compounds by means of the Langmuir free eva-
poration technique. Evaporation rate data were
obtained in the temperature range from 900 to
1200 C for metallic Be and for ZrBe13, NbBe12,

and Nb2Bel?. Assuming the evaporating species to
be monatomic Be, vapor pressures were calculated

from evaporation rates and Van,t Iloff plots were
made. The standard enthalpies of sublimation, in

kilocalories per gram atom Be determined from
these plots are: for Re. 79.0; for ZrBe13, 85.0;
for NbBe12. 19.9 and 59.5; and for Nb2Be17, 98.0
and 55.8. That there are two enthalpies of sub-
llaation for the Nb beryllides may be due to the

existence of a heretofore unknown beryllide in-
termedlate in Be content between Nb2Be17 and

NbBe3. Possibly both NbBe12 and Nb2Be1? decom-

pose upon evaporation to the intermediate species
which decomposes to NbBe3. A high-vacuum diode
for the determinatin9 Lher_ionlc emission param-
eters of intermetallic compounds was designed and

constructed. A second diode with improvements

over the first design is being constructed.

AD-296 233 Div. 25. 8" " "" "

(TISTP/NH) OTS price |8.10

Texas Instruments, Inc.. Dallas
BASIC RESEARCH IN THERMIONICS. PART I. cESIUM

PERMEATION THROUGH TANTALUM.

Summary rept. no. 1. 1 Nov 61-31 Oct 62,

by R. A. Chapman, D_ A. Peterman and others.
Jan 63, 73p. incl. illus, tables, 28 refs.
(Contract Nonr-3?OSOO. ProS. 099-36/.)

0nclasslfied report

DESCRIPTORSt nThermionic emission, aTantalum,

nCesium, aplasm8 physics, nDiffusion, Diodes,

CrYstals. Ions. Space charges, Metallic
crlstsl8.

A plasma thermionic converter concept has been
proposed which uses cesium permeation through t
tantalum emitter to obtain space charge neu-
tralization of electron current from this emit-

ter. The objective of this project was to de-

termine if the permeation rate of cesium through

tantalum was sufficiently large for feasibility
of the concept. It has been shown that the

concept is not feasible because the permeation
rate of Cs through tantalum Is too small. Cesi-
um permeation through tantalum has been studied

in the temperature range 1400 to 1800 C with
cesium pressures up to 13 mm Hg. This phenomenon
was investigated for potential application as

a hollow, i_----di--_enslng emitter for s plasma
thermlonic converter. Three methods were used

in this study: (I) measurement of ion current
frOm a hollow, polycrystaiiine tantalum emitter
internally connected to s cesium reservoir. (2)

measurement of welght-loss from s hollow, poly-
crystslllne tantalum container wlth = cesium

reservoir attached, with both suspended from s
mlcrobalance into s radiant furnace, and (3)
direct measurement of the diffusion coefficient

in single-crystal and polycrystslline tantalum
utilizing radioaotive Cs-134. CAuthor)



'it45 I,IMITATIONS TO I_ESOLVLNG POWER IN THE

TIIERMIONIC EMISSION MICROSCOPE. A.Sandor.

d. Electronics and Control (GB), Vol. 13, No. 4, 295-304 (Oet.,1962).
Formulation of resolving power as a function of electron

chromatism at the source only cannot account for the large
deviation from practical resolution fig'ures measured for emission

microscopes, not even when best corrected lens systems and very
high accelerating potentials are employed. Considering electron

diffraction only as the decisive resolution limiting factor, too
low a value is obtained. Hence, it appears, that the optimum
practical resolution of 800 A would lie between the two functions.

An approximation is given for computing the effective resolving

power. It demonstrates the little influence of the field strength
at the emitter surface on overall resolution. This then also

implies that the use of very high first anode voltages add little
only to enhance image quality. It is sho_ how severe the

resolution degrading property of surface irregularities Is as

evidenced by photographs taken from a 21 in. directly viewed screen.

Surface depressions, elevations and pores may lead to serlous

misb_terpretations of the actually existing emission mechanism due

to electron ray refraction by distorted equipotentlal planes which

shape the tr'ajcctoriesi,apeculiar ways. Bunching, focusing and

divergence effects are shown to influence the emission patterns on

the screen, also preparing the x_ty for a proper interpretation of

observations on more difficultsurfaces such as oxide cathodes

or any other irregular surface. Special situations are also discussed

which produce electron-optical illusions on the screen such as loss

of surface detail,splittingof electron sheets, multl-hellcal paths

and multi-circular patterns, p/.j , _

36293 (DRI-2079) INVESTIGATION OF TIIE CHAR-

ACTERISTICS OF INTERMETALLIC COMPOUNDS AS

THERMIONIC EMITTERS. First Annual Technical Sum-

mary Report, November I, 1961 to October 31, 1962.

C. B. Magee, M. J. Pool, W. D. McMullen, R. C. Jerner,

and D. G. Ellis {Denver. Univ. Denver Research Inst.).

Dec. 31, 1962. Contract NONR 099-362. 43p. (AD-

295109)

Equipment was designed and fabricated for the deter-

mination of evaporation rates of intermetallie compounds

by means of the Langmuir free evaporation technique.

Evaporation rate data were obtained in the temperature

range from 900 to 1200°C for metallic Be and for ZrBets,

NbBetz, and Nb2Bett. Assuming the evaporating species to

be monatomlc Be, vapor pressures were calculated from

evaporation rates and Van't Hoff plots were made. The

standard enthalpies of sublimation, in klloealortes per

gram atom Be determined from these plots are: for Be,

79.0; for ZrBelt, 85.0; for NbBet2, 19.9 and 59.5; and for

i','b2Bet_, 98.0 and 55.8. That there are two enthalples of

sublimation for the Nb beryllides may be due to the exist*

ence of a heretofore unknown berylltde intermediate in Be

content between N'b2BeIt and l_'bBe s. Possibly both NbBe_

and lqb2Belt decompose upon evaporation to the intermedi-

ate species which decomposes to NbBe t. A high-vacuum

diode for the determination of thermionlc emission pa-

rameters of intermetallie compounds was designed and

constructed. A second diode with improvements over the

first design is being constructed. (auth) t(_ t'_ ¢_._

14663 THE ION THERMIONIC EMISSION OF METALS IN AN

ATMOSPIIERE OF VARIOUS GASES.

Ya.M.Fogel', L.P.Rekova and V.Ya.Kolot.

Zh, tekh. Fiz. (USSR), Vol. 32, No. 10, 1259-65 (Oct._1962).

In Russian. English translation in: Soviet Physlcs-Technlc_

Physics, (USA), Vol. 7, No. I0, 929-33 (April, 1963).

The effect of various gases (Oa, Ha, CCI,, NH_, air) onthermlonl¢

emission of nickel and platinum was studied. Experiments on the

action of CC14 vapour on the surface of Inc:mdescent nickel situated

in a stream of air at atmospheric pressure led to the conclusion

that changes in the totalthermionic emission current, after evacua-

tion of gases which act on the emitter, are due to changes in the

emission of alkali metal ions. Incandescent platinum was exposed

to the above gases at a pressure el ..-I0_ mm Rg; simuRaneous
observations were made on the behaviour of the total thermloni¢

emission current and individual components on this current, separa°

ted by a mass spectrometer. It was again found that all changes

the totalthermionic emission current were due to corresponding

changesin theemissionof alk_l metallo_s. _ j_ %___

1883 HOT-ELECTRON EMISSION FROM SEMICONDUCTORS.

R.J.Hodgktnson.
Solid-State Electronics (GB), Vol. 5, 269-72 (Sept.-Oct., 1962).

Describes the emission o! high-energy electrons from p-n

Junctions in silicon and silicon carbide. The distribution ol
emitting areas was studied by means of a fluorescent screen. It
was proved that in silicon the emission pattern is closely related

to the microplasma pattern in the Junction and that electrons are
emitted across the thin n-type surface layer. In silicon carbide
this layer was too thick and only peripheral emlssion was
observed. The relative merits o! very shallow (100 Jk) silicon

Junctions and of silicon carbide Junctions are discussed.lb/1 Ii
, ,_ V._%
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"7631 THERMOELECTRONIC EMISSION OF TAB=.

T.L.Matskevich, T.V.Krachino and A.P.Kazantsev.
Radioteknika i Elektronika (USSR), Vol. "/. No. 11, 19"/2-3

(Nov., 1962). In Russia_.
Quotes some experimental data. The method etc. is as in

Abstr. 22249 of 1962 and Zh. tekh. Fiz. (USSR). Vol. 32, No. 10,

1266-74 (Oct., 1962). _)_f D_E.Brown

522 SIIALLOW DONOR THERMIONIC EMITTER.

J.K.Gor man.

J. appl. Phys. (USA), Voi.33, No.lt, 3170-'/ (Nov., 1962).

A possible approach to the development of a low work function
thermlonic emitter involves the introduction of shallow donor states

it_toa matrix having a low electron affinity.It is the intent of this

paper to explore the concept of a shallow donor emitter from both

a general point of view and with specific application to barium oxide

as the host lattice. The problem is discussed in terms of the single-

donor model with consideration given the various characteristics

which would be required for a practical matrix-additive system.

Although the electron affinity of BaO has been estimated to be as
low as 0.6 eV, the ordir.ary oxygen vacancy donor present is a deep
level with an ionization energy of about 1.4 eV; It yields a work

function of 1.4 to 1.5 eV at 1 000_K. By comparison, a work function
of 0.83 eV would be expected for shallow donor BoO at this temper-
ature. The substitution of a tripositive rare-earth ion for a Ba z" ion

in the In,ice is presented as a possible mechanism for the Incorp-
oration nf an impurity donor centre. Some speculation Is offered

eoncerni,g the ionization energy of this type of donor as well as the
associated activation process. An attempt was made t3 .observe the
donor behaviour of several rare-earth ion additives In BoO and also

SrO by studying the temperature dependence of the effective work
function. Data were secured for La, Gd, Nd, Er, and Eu in BoO, and

Eu and Sm in SrO at analytical concentrations of from 0.01 to 0.05
mole _. While no lowering of the work function is reported, It 1=

clear that no definitive interpretation of a negative result can be
made until certain other experimental information becomes
available, particularly the solubility and oxidation state of the

additive ion in the matrix crystal. [_. _

4

AD-294 507 Div. 4, 25

(TISTMIODN) 0T[ price $1.60

_oreign Tech. Oiv., Air Force Systems Command.

_right-Patterson Air Force Bsse, Ohio.
_0RIDES OF TRANSITION METALS AND THEIR ELECTRON-

• EMISSION PROPERTIES,

by G. A. Kudintseva. B. M. Tsarev and V. A.
Epel'bsum. 3 Dec 62. 11p. Incl. tables, 10 refa.
(Truns. no. FTD-TT-62-1506 from Konferentsll Pe
Khimii Burs i Yego Soyedinenly, Moscow.
Goskhimizdat, pp. 106-111. 1958)

Unclnssified report

DESCRIPTORS: mBorides, mMetals. WElectrons.
*Thermionic emission. *Secondary emission.

Zirconium compounds, Chromium compounds,
Titanium compounds, Vanadium compounds.

Manganese compounds. Synthesis. Stability,
USSR. Transition elements.

The developed method of obtaining diborides of
Ti, Zr, V, Cr. Mn and other transition metals

upon the combined reduction by carbon of mixtures
of oxides of _he correspundin9 metal and boron

permits the production of borides in large quan-
tities , om abundant raw material. In a s_rles

of diborides of Ti. V, Cr. and Mm of small

emissions, comparable with emissions of cerium
hexaborlde, chromium dlborlde is possessed.
which can be used as material of thermo-cethodes.

The dlborldes possess • coefficient of secondary
emission lower than one and, consequently, cam

be used ss antidynatron coatings. (Author)

AD-296 172 Div. 8. 14

(TISTE/OHD) OTS price $1.60

General Electric Co., Schenectady. N. V.
INVESTIGATION OF VARIOUS ACTIVATOR REFRACTORT
SUBSTRATE COMBINATIONS.

by J. H. Affleck and W. T. Boyd. 27 Dec 62.
11p. incl. illus. 18 refa. (Scientific rept.no. _)
(Contract AF 19(628)279. ProJ. &619)

(AFCRL 63-11) Unclassified report

DESCRIPTORS: *Cathodes (Electron tubes).
*Thermionic emission, _Electron tubes.
Barium compounds. Work functions. Vacuum

apparatus. Impurities, Test sets, Test

equipment (Electronics), Refractosy materials.
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UNCLASS I FI ED

]17066 THE_HIONIC EMITTER HA'rERIALS RESEARCH PROGRAM
(Period covered: July l-_-cember 31, 1962)
Kitrilakis, S. S.; Rasor, N. S. & van Someren, L.

Unclassified

Thermo Electron (TEE 4015-3)

Engineering Corp.
NOnr-3563(O0)
Semi-Annual TSR

This report covers the first six month period of the
second year of this contract. In the first annual report the
significance of patchy emission was discussed. In the six month
period that elapsed, progress has been made in systematizing this
analysis. Experiments have been designed and conducted aimed at
investigating and defining 'patchiness," and metallurgical
techniques have been employed in an attempt to correlate the
metallurgical features of emitter surfaces to their thermionic
emission.

Converters, thermlonlc

Energy conversion UNCLASSIFIED

AD-403 _62 nlv. 8. _O
(TISTE/JWS) OTS price $1.7_

Ford Instrument Co.. Long Island-City, N. Y.
EMITTER MATERIALS STUDY THERMIONIC ENER6Y

CONVERTERS.

Flnal technical rept.
31 Dec 62. lv.

Contract Nonr369600, ProJ. NR391 429
Unclassified report

Descriptors- "Thermionlc converters, mglec-
trodes. Oxides. Radiation damage. Structural

properties. Fast neutrons. Cesium. Calcium
Compounds. Strontium compounds, Berlum

compounds.

An experimental program was conducted on selected
emitter materials to determSne their potential

for use in low-temperature thermionlc energy
converters. One oxide emitter and four differ-

ent dispenser types were evaluated in parallel

plate and cylindrical geometry in both glass
and metal ceramic construction. With respect

to power density the various dispenser emitter

types showed suitable and reasonably siullar
performance. Performance degradation was re-
versed in some of these diodes and its mechan-

ism explored and explained. (Author)

/AD-298 838 Div. 10

(TISTM/AM) OTS price $1.60

Stanford Research Inst.. Menlo Park, Calif.
THE ROLE OF ALUMINUM AND ITS OXIDES IN SOLID

PROPELLANTS.

Quarterly rept. no. 2, 1 0ct-31 Dec 62,
by G. Nell Spokes. Jan 63. 9P.
(Contract AF 04(694)128. ProJ. no. PAU-4134)
(SSD-TDR-63-41) Unclassified report

DESCRIPTORSt eThermioni_ emission. WAlumlnum

compounds, "Exhaust gases. Aluminum, Theory,
Analysis. Ionization, Measurement. Impurities,
Radiometers. High-temperature research', Solid
rocket propellants, Oxides, Particl_a

AD-299 245 Div. 10, 27
(TISTA/.GEC) OTS price $3.60

Reaction Motors Div., Thiokol Chemical Corp.,
Denville, N. J.
ROCKET EXHAUST SAMPLING SYSTEM FOR TMO-PHASE
EXHAUST FLOM SYSTEMS.

Final rept.,
by J. I. Schaeffer. 28 Sep 61, 30p. (Rept. no.
RMD 2103-F)
(Contract AF 04(611)6351, ProJ. 3850)

Unclassified report

DESCRIPTORSt nExhaust gases. *Rocket motors
(Liquid propellant). Chemical analysis, Design,
Tests, Combustion, Model tests, Pentaboranes,

Gas flow, Sampling, Rocket motor nozzles, Test
equipment.
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AD-299 431 Div. 8. 17

(TISTM/RGR) OTS price $6.60

Thermo Electron Engineering Corp., Waltham,

Mass.
THERMION1C EMITTER MATERIALS RESEARCH PROGRAM.

_e_i-annual technical summary rept.. 1 July-

31 Dec 62,
by S. S. Kitrilakis. N. S. Rasor. and
L. vanSomeren. 31 Dec 62, 62p. (Rept. no.

20-63; Rept. no. TEE 4015-3)
(Contract Nonr-356300)

Unclassified report

DESCRIPTORS: *Thermionic emission, *Iridium,

Temperature. Anodes. Cathodes, Surface proper-
ties, Rhenium, Tungsten, Cesium electron tubes,

Crystals, Thermoelectricity, Work functions.

Energy conversion.

AD-400 734 DIv. 25. 4. 17
(TXSTM/AMS) OTS price $2.25

Allied Research Associates. Inc., Concord. Mass.
STUDY OF MATERIALS FOR TIIERMIONIC CONVERTERS.

Summary rept. no. 2.
by Harold Romonoff and Stanley Ruby. 31 Dec 62,
83p. (Document no. ARA-T-9159-2)
(Contract Nonr-338500)

Unclassified report

DESCRIPTORS: *Thermionic emission, Data,
Experimental data, Impurities, Theory, Semi-
¢ond'-'ctGrs, Transport properties, Surface prop-

erties, Chemisorption. Adsorption, Equations.
Mathematical analysis, Work function, Cathodes,

rrystal structure, Chemistry, Alkali metals.
Group I elements, Group V elements, Oxides,
Alkali metal compounds, Solid state physics,

Coatings. Photoelectric effect, Monomolecular

films, Solids, Temperature, Materials.
,d5

/2015 OBSERVATION OF TiIER.MOELECTRONS BY MEANS OF
GEIGER-MULLER COUNTERS.

K.W.Ettlnger and W.Mo_cieki.
Acta phys. Polon. (Poland), Vol. 22, No. 1(7), 129-32 (1962).

Preliminary investigations were made on the detection and
measureme,_t of thermionic emission currents by means of specially

constructed Geiger-MUller counters. When operating in argon the
work functions of W and CuNi enTitters were found to be 4.1 eV and

2.9 eV respectively. These results do not agree with known published
values, probably because of surlace contamination. It is concluded

that with iml)roved experimental techniques this method of studying
thj_rmionic emission should prove useful in physical research.

/ C.Greaves

10913 DIRECT ENERGY CONVERSION WITH AN IONIZED

VAPOUR STEAM. S.Klein.

CEGB Conference on Gas Discharges and The Electricity Supply

Industry, Leatherhead, 1962 (see Abstr. 3511 of 1963) p. 648-55.
Previous experiments [Abstr. 19671A of 1960; 7020A of 1961;

9519A of 1962; C.R. Acad. Set. (France), Vol. 251,657, 2492 (1960);

Vol. 254, 1946 (1962).] nave shown that It is possible to obtain an
electromotive force of the order of few volts when two metallic

electrodes are inserted into an ionized condensable vapour such as

mercury, caesium, or water. This e.m.f, may be obtained provided
that one of the electrodes Is kept at a temperature lower, and the
other electrode at a temperature higher, than the condensation

temperature of the vapour. The colder electrode always becomes
positive with respect to the warmer. These experiments seemed to

indicate that the main mechanism for the appearance of this e.m.f.
was associated with the thin gaseous layer which was found to
surround the cold electrode. Thls paper describes new experiments

which contribute to a better understanding of the physical properties
of this gaseous layer. Within this layer the electron and ion tem-

perature are considerably decreased, the gas density increases and
condensation droplets make their appearance. The improvements in
convertor performance due to these recent experimental results,

are described. _/_ , _'_
'll

ELECTRON AND ION EMISSION FROM CERTAIN
" .1"/b63 MATERIALS WITI! I_EFERENCE TO TIIEIR UTILI-

ZATION IN TIIERMIONIC ENERGY CONVERTEI_S.

B.I.M_khailovskgl.

Ukrayln, fiz, Zh. (USSR), Vol. 7, No. 1, 75-7 (1962). in Ukrainian.

Brief note on ThO,, ZrC and Lal_. _/')4 '(_ "_-"--
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AO-413 928 Dlv. lJ, 8

(TISTM/AM) OTS price $1).50

General Telephone and Electronics Labs. Inc..
Bayslde. N. Y.
STUDIES OF ELECTRON TUBE MATERIALS AND THEBMIONIC

EMISSION PROCESSES.

Final rept..
by John V. Florio. A. Sander and Robert A.
Wallace. 31 Jan 63. 186p. Rept. no. TR62 70A 10&
204 208 23
Contract AFt9 604 7286. ProS.'4619. Task 461901

AFCRL 63 194 Unclassified report

Descriptors: (*Thermlonic emission. Materials).
Coatings, Cathodes (Electron tubes). Nickel,
Test method, Microscopy, Emissivity. Oxides,
Instrumentation. Vacuum. Diffusion, Diodes,

Tungsten. Impregnation. Mass spectroscopy.

High temperature research. Llarlum. Tables. :
Design. Aging (Materials). Anodes (Electron

tubes). Molybdenum. Theory. Test equipment.

The thermionlc emission properties of ultra-pure
nickel-base oxide cathodes in s clean test diode

were investigated. The effects of electrolytic
activation, llfe-test conditions and gas ambient
on thermionic emission were evaluated. The

emission properties of pure nickel-base cathodes
are compared with cathodes containing known is _
purities fn the base metal or the coating and the
effects of these impurities on emission are
evaluated. The influence of the anode oa cathode

activation is shown. Measurements of the 8ub-
limation from various metal-base oxide cathodes

are described. A Knudsen cell mass spectrometer

system was designed and assembled for the study
of hlgh-temperature reactions between tuba
materials. The Knudsen cell was operated Is the

mass spectrometer at temperatures up tO 2600 g,'
and the system was calibrated on the hoofs of

published data of vapor pressure versus tempera-
ture for pure silver. (Author)

,-..q

f

AD-296 458 Oiv. 8. 26

(TISTM/SJR) OTS price _3.60

Atomics International. Canoga Park. Calif.
UNIFOR_ WORK FUNCTION CATHODE STUDIES FOE
TltERMIONIC CONVERTERS.

Quarterly rept. no. 2. 12 Oct 62-12 Jan 63.

by M. N. lluberman. Jan 63, 33p. incl. illus.
tables. 6 refs.
(Contract AF 33(657)8726)

Unclassified report

DESCRIPTORS: *Thermionic emission, eCathodes.

*Molybdenum. Chlorides. Fluorides. Pyrolysis.
Reduction. Crystal structure. Crystal growth.

X-ray diffraction analysis. Photomicrograph_
Metallography. Grain structures (Metallurgy)_

Molybdenum compounds. Mandrels. Electron

microscopy. Processing. Vapor plating.

Chemical vapor deposition techniques are being

studied as a possible means of producing non-
planar thermionic cathodes having a high degree

of uniformity o£ work function. Vapor deposited
molybdenum coatings have been produced by
chemical reduction of molybdenum hexafluoride

pyrolysis of molybdenum hexacsrbonyl sad

pyrolysis of molybdenum pentachlorlde. Plating
conditions were varied for each process to

determine the effect of plating conditions on the
preferred orientations of crystallographic p|anes
parallel to the plating surfaces. Both (100)
and (111) preferred orientations have been found

for the hexafluoride reductions. The penta-
chloride samples have strong (100) orientations.

The hexacarbonyl samples apparently are not pure

molybdenum and do not have the expected _olybde-
hum diffraction pattern. (Author) ,,I_



16768 {AGN-S075) RUBIDIUM/CESIUM EVALUA-

TION PROGRAM. Quarterly Progress Report, October I

through December 3101962. C.R. Fisher and P. Y.

Achener (Aerojet-General Nucleonics, San Ramon, Calif.).

Jan. 31, 1963. Contract AT(04-3)-368. 35p.

The characteristics of Rb and Cs at temperatures up to

about 2000"F are being investigated. The current program

includes studies of the boiling heat transfer and two-phase

flow characteristics, and measurements to determine the

latent heat of vaporization, density, specific heat, vlscoslty,

thermal conductivity, and electrical resistivityof the llq-

aid phases of these elements. Work performed during the

pe_flodis summarized. Results of the error analyses are

given and details concerning the operating parameters for

the heat transfer and fluidflow work are included The

I apparatus to be used to measure latent heat of vaporization.specific heat. and density is also described (auth) _'_ _')

AD-296 862 Div. 7, 20, 8

(TISTMIEJH) OTS price $4.60

AeroJet-General Nucleonics, San Ramon, Calif.
FEASIBILITY DETERMINATION OF A NUCLEAR TIIERM-

IDNIC SPACE POWER PLANT.
Quarterly technical progress rept., I Nov 62-

31 Jam 63.
31 Jan 63, 39p. incl. illus. (Rept. no. AN-856)
(Contract AF 33(657)8977. Proj. 8173)

Unclassified report

/ DESCRIPTORSs *Nuclear power plants, ethers-

ionic emission, *Electric power production,
Heat exchangers, Liquid metals, Spscecrnft,

Reactor coolants, Cesium, Vapors, Materials,
Manufacturing methods.

Contents8

TASK 2 - Liquid metal tubing - converter bond

General approack
Alumina coatings
Brazing studies
Conclusions

TASK 3 - Thermal transport analysis
Heat rejection
Reactor characteristics

TASK 4 - Series unit loop test

General loop configurttlon •
Main heater

Heat sink

Surge tank
Thermionic generators

"AD-401 666 Dlv. 7. 17
(TISTM/BRW) OTS price $5.60

Armour Research Foundation. Chicago, Ill.
sTRESS DEPENDENT INTERACTIONS BETWEEN CESIUM AND

DTIIER MATERIALS.
Summary rept., 15 Feb 62-15 Feb 6J.
by David W. Levinson. 22 Mar 6_. 55P. incl.
illus, tables, 14 rein. (Slept. no. ARF-B21_-12)

(Contract Nonr-344100)
Unclassifie_ report

DESCRIPTORS: ETiLermionic converters, mLiquJd

metals, Alloys, Metals. Ceramic materials,
BrittlenesS. Surface active substances.
Mercury. Brass. Fracture (Mechanics). Aluminum

alloy. Stainless steel, Molybdenum. Titanium.
Niobium, Tantalum, Silver solders. Tungsten.

Nickel. Tensile properties, Ductility,
Mechanical properties, Materials, Cesium.

/Metst, and alloys germane to thermionlc energy
converter usage were screened for embrlttlement
by liquid cesium metal. The results of the

screening _vsluations are reported and techniques
are described for more detailed studies at
ceramics and susceptible metals. Definite re-

ductions in tensile ductility were observed for
302 stainless steel and molybdenum. Bend
duc_lllty was lowered in the cases of unalloyed

titanium, titanlum-6 sl,min,m -4 vanadium alloy,
columblum, tantalum and silver-copper eutectlc

solder. Some difficulty in reproducibly wetting
samples was evident throughout the study.
Slightly contaminating the cesium with oxygen
(or water) was observed to increase cesium

wettsbility markedly. (Author) ¢ _

14528 TIIERMAL ELECTRIFICATION AND REMOVAL OF

ELECTRONS BY SOLID PARTICLES IN A GAS. S.L.Sco.

Phys. of Fluids (USA), Vol.6, No. I, 145-6 (Jan., 1963).

Calculates the equilibrium concentration of free electrons in •

/hot gas containing refractory dust particles, taking account of

thermionlc emission by the dust. Taking a temperature of 3000"K,

itis found that this emission can be expected to have a significant

effect on the electron concentration. /.3_ tJ_S.Pease
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/A0-29_ 953 Olv. 7, 8, 25

(TISTE/OHD) OTS price $9.60

Allison Div., General Hotcrs Corp., Indianapolis,

Ind.
INVESTIGATION OF TIlE MoNOCAPILLARY THERHIONIC
EMITTER AS A DUAL SOURCE OF IONS ANO ELECTRONS.

Quarterly technical progress rapt. no. 4,

Au 62-15 Feb 63_ V Liurite. 15 Feb 6).

98P. illus. _"_,._o ProS. 81_JS _
(Contract AF 33Lol°lo_classified repor_

DESCRIPTORSS _ThermLoalC emission, losle
current, ElectrOn beamS. Temperature. _hernO-
electricity. Analy._.,... Plasma sheath, Analog/

computers, Cesium.

AD-299 479 Olv. 25
(TISTE/CAN) OTS price $1.10

,Radio Corp. of America. Lancaster. Po.
THE DEVELOPMENT OF A LOW-WORK-FDNCTIOH COLLECTO|

.FOR TIIERqlONIC ENERGY CONVERTERS.
Bimonthly status rept. no. 1, 15 De¢ 62-

15 Feb 6_,
by W. B. qall. R. J. Hill. and 3. J. O,Grady.
I_ Feb 63. _P. _ refs.
(Contract Nosr 401200)

Onclassified report

DESCRIPTORSs mThermionic ConverterS. UWork

functions, eElectrodes. Design. Nodel tests.

Operation. Surface properties. Cesium. Addi-
lives, Electric potential, Electric arcs,

Measurement, Energy conversion, Thermioni¢i/._
emission. _

19306 INDUCED PHOTO- AND THERMO-ELECTRON EMISSION

FROM Na2CO3. A.Scharmann and G.Seibert.
Z. Naturforsch. (Gerrr._ily_, Vol. IRa, No. 2,257-8 (Feb., 1963).
In German.

It has been shown that in gener_l the rernov_ of water of c rystal-
llzatlon by heating a crystal Is accompanied by electron emission

lltanle, Sc_rmann and So|bert (Abstr. 5689 of 1963)J. The emission

is increased by an order of magnitude if the crystal Is previously
bombarded with an electron beam (4 key and 4 > I0 's electrons per

cm_). Itis now found tl_t th_ emission is further increased, about

twice, itthe crystal is irradiated with visible light_ter electron

bombardment and during the heating (at 0-5"C sec'_). Results are
sho_ for N%CO_.10 H_O, but the alkali halides are stated to behave

similarly. The maximum emission (5 × 10 _ counts see'_) occurs at

the same temperature (100°C) as in the dark, but the output-tempeno
tur¢ curves are not otherwise identical. From this, and other

differences in behaviour, it is concluded that the sites _or electron-
and photo-induced emission are not ide_Rlcal, the former befog In

the surface layer and the l_tler d_eper in the crystal.

/, V'E'C°sslett_D__/_ ._



_tD-401 933 Dlv. 8. 140 25
(TISTM/EJH) OTS price $9.10

General Electric Co.. Schenectady, N. Y.

INVESTIGATION OF VARIOUS ACTIVATOR REFRACTORY

SUBSTRATE COMBINATION.

Final rept.,

Vby J. H. Affleck, _ Mar 63, lv. incl. illus.
tables, refs,
(Contract AF 19_628) 279. ProJ. 4619)

(AFCRL 63-69) Unclassified report

DESCRIPTORSs _Thermionic emission, *Cathodes

(Electron tubes), Diodes (Electron tubes),
Cesium, Refractory materials, Catalysts,

Surfaces. Tungsten, Nickel, Molybdenum,

Molybdenum compounds, Barium compounds,
Calcium compounds, Borides, Sill•Ides,

Sillcates, Aluminutes, uxides, Films.

An investigation was conducted to study thin-
film activator-refractory substrate combinations
for new materials capable of producing high
emission density cathodes. Consideration was

given to the nature of the boundary, the surface
of the cathode, and vacuum in an externally

dispensed system. AlthougR * relation between
the relative evaporation rate of electrons and

the evaporation rate of the activator may be
obtained, experimental conflrmati•n i• compllsnc*
with the basic assumptions is difficult. As *

cmpirlcnl examination of internally dispensed
systems was made to show what effect the sub-
strate has on the thermionlC properties of •

dispenser cathode. A number of systems are re-

ported which combine a barium compound with a re-
fractory material such as tungsten, tantalum.
molybdenum, or one of the carbides, borides or
sill•ides of these same elements. It appears
that the activator-substrate combination has only
s secondary effect on the thermionic properties

in the system examined. (Author) /_

• 27960 SOME CRITICAL MATERIALS PROBLEMS OF

THERMIONIC CATHODE SYSTEMS FOR FISSION-HEAT

CONVERSION. L. Yang, R. G. Hudson, F. D. Carpenter,

and A. F. Weinberg (General Atomic Div., General Dy-

namics Corp., San Diego, Calif.). Advanced Energy Con-

"version, 3: 93-9(Jan.-Mar. 1963).

Out-pile problems associated with the two types of therm-

is•/• emitters considered for direct conversion of fission

heat to e_ectrlcal e•ergy are analyzed. For the carbide-

cathode systems (particularly, UC- ZrC) composed of

uranium-bearing carbides to serve as the fission-heat

source as well an the emitter, loss of cathode materials by

vaporization at useful temperatures is the greatest obsta-

cle. For the metal-cathode systems, l_teraction between

the refractory-metal emitter surroun21ng the uranium-
bearing fuel is of cldef concern. The feasibility and status

of the two systems are also discussed. (D.C.W.) /_ bt_t :(o
J

w

27963 ANALYSES OF TIIE CHEMICAL REGENERA-

TION OF SUBLIMATING TIfERMIONIC COMPONENTS.

L. K. Tower (Lewis Research Center, Cleveland). Ad*

vanced Energy Conversion, 3: 185-98(Jan.-Mar. 1963).

The process of chemical regeneration of hot metallic

surfac,_s,which may find application in very high tempera-

ture thermiordc devices, is discussed. In the process,

gaseous materials such as chlorine form compounds w/th

the metal departing from the hol emitter surface. The me-

talliccompounds return the metal to the emitter surface

where it is redeposited. An analysis of chemical regenera-
tion ,'-under conditions of free molecule flow CKnudsen condi-

tions) in which particles are assumed not to interact in the

interspace is presented. Partial or complete equilibration

is assumed at the walls, the degree of equlllbratlo• being

expressed by a recombination coefficient, 7'. The analy•in

prescribes conditions within the a)_tem required to prey•rot

...... _,,on ,_ ,A_ surfaces. A simplification of the analysts
yields a thermodynamic criterion for selection of materials

to be tested in regenerative systems. Hypothetical systems

considered as examples are: W-CI, Mo-CI, W-Mo-CI,

and W-O. The possible difficulty in constructing a stable "

device with an emitter and collector of the same mater/al

s discussed, together with a solution to the problem. (auth)

t/279&9 URANIUM CARBIDE AS A THERMIONIC

EMITTER. A.D. Elcombe and D. A. Wright (Univ. of

Durham, Eng.). AdvanCed Energy Conversion, 3:199-202

Glan.-Mar. 1963).

The properties of uranlufit carbide as a thermlonic emit-

ter were studied in vacuum diodes. The cathodes were tan-

talum strips coated with a layer of uranium carbide about

'4 t/to mm thick. The carbide contained excess carbon and was

applied to the strip over a thin sintered layer of tungsten

powder, which was used to improve adhesion. Water cooled

copper anodes were employed. Richardson plot analysis

showed that the initial properties were characterized by a

work function 4_ of 3.9 ev, and an A value of 20,000. Acti-

vation occurred during operation at 2000"K for about 50 hr,

leading to a peak performance represented by @ = 3.3 ev,

A = 200. After operation at 2000"K for 180 hr drawing I

A/cm _. the emission fell to half this value, leading to a

state with @ ffi 4.6 ev, A greater than 10 s. It is probable

therefore that there is little if any uranium carbide re-

maining on the cathode at this stage. Further analysis of

the R/•harrison plots showed temperature-hysteresis ef-

fects. With the coating in its early stages of activation the

behavior resembles that of variotm complex cathodes, and

suggests the presence of an adsorbed layer on the surface,

which lowers the work function, the coverage of this layer

depending on diffusion from within the coating and evapora-

tion from it. Different suites can therefore be "frozen in"

at low temperatures depending on the treatment at higher

temperatures. R is possible that this effect is due to dis-

• oclatlon, the diffusing active material being free uranium.

In the highwork function states there is evidence of high

coating resistance. Such effects could explain both the hys-

teresis and the high Richardson plot A values, since inter-

hal concentration and surface coverage could both be tem-

perature dependent, causing a temperature dependence el

the work function. (auth) /0 _r_ i_



27961 INTERDIFFUSION BETWEEN URANIUM-

BEARING REACTOR FUELS AND REFRACTORY-METAL

THERMIONIC EMITTERS. A. F. Weinberg and L. Ysng

(General Atomic Dlv., General Dynamics Corp., San Diego,

Calif.}. Advanced Energy Conversion, 3: 101-11(Jan.-

Mar. 1963).
Material compatibility as related to the "marriage" of

reactor fuels to refractory metal thermionic emitters is

under Investigation. Four fuel materials, UC. UCt, UC-

ZrC, and UO 2, are studied in combination with W, Mo, Ta,
and Nb over the temperature range 1200 to 2000"C. A tech-

nique was developed for simultaneously studying the "inter-
diffusion between a given uranium-bearing material and

each ot the four refractory metals. UC in contact with Nb

and Ta at 1875" * 20"C and 1925 i 30'C, respectively, re-

acted to form a liquid phase identified as almost pure ura-

nium metal. Mo also reacted with UC at 1800 • 20"C, while

st the same temperature W appeared relatively unaffected.

Howe,-st, after bclng contacted with UC at 2000" i 20°C for

30 hr0 W exhibited a mild reaction. The reaction mecha-

J nism for all of these metals appears to be UC + M - MC ¢

U. Formation of this liquid phase was suppressed at I800"C

when UC-UC t mixtures were substituted for the UC. The

kinetics of uniform metal carbide layer formation were

studied for UC-UC z mixtures In contact with the four re-

fractory metals at 1800"C. In addition to the uniform car-

bide layers formed, severe carbide penetration of the grain

boundaries was observed In Nb, Ta, and Me. Investigation

of the interaction between UZrC (6,0 mole % U; 45.8 mole %

Zr; 48.2 mole % C) and the same four refractory metals at

1800"C for 50 hr showed that the stabilization of the carblds

phase by the addition of Zr _Iraxnatically improves the dlf-
fusion characteristics. Electron micro-probe analyses of

these diffusion couples were made a_.d the results are dis-

cussed. Preliminary Investigations of UOt-refractory

metal compatibility were completed for three tempera-

lures: 1200. 1800. and 2000"C. Indications of transport of

one or more of the fuel components through grain bound-

aries were observed. (auth) _A _b

27962 TIlE DEVELOPMENT OF EMITTER MATERI-

A[_ FOR USE IN Tile NOBLE GAS PLASMA DIODE.

R. F. Hill (General Motors Corp., Warren, Mich.) and D. L.

Keller. Advanced Energy Conversion, 3: 113-21(Jan.-Mar.

1963).

The operating characteristics of the noble gas plasma

diode thermionic converter require that the emitter contain

s high surface concentration of enriched uranium. The

emitter materials were limited to uranium carbide of both

the ceramic and cermet systems. The ceramic materials

Investigated were pure UC and the mixed carbide UC-ZrC.

The cermet materials investigated were UC .._o,UC-Mo,

UC-W, and UC-Re. The chemical reactivity between the

uranium carbide and the metal is the f_:r ,:_tmet systems

varied quite markedly; the UC-Re system appearIng to be

the most stable one at 2000"K. A reference emitter mate-

rial composed of 80 v/o UC- 20 v/o Re was selected. The

emitter discs were fabricated by the gas pressurF bonding

process. This process can be utilized to denslfy the core

and slmuRanc.ously clad and bond the core into an Integrral

assembly in a one-step operation. Results of the fabrlca-

tlon studies as well as some thermodynamic considerations

for the cermet systems are prcsented. (auth) _¢_ ,_

"27976 THERMIONIC PROPERTIES OF UC, UC-ZrC

AND Ta. K. F. Bainton (Atomic Energy Research Estab-

lishment, Harwell, Berks, Eng.). Advanced Energy Con-

version, 3: 273-7(Jan.-Mar. 19631.

Using planar diode geometry and long pul_e measuring

techniques, a study was made of thermionic emission from

samples of UC, UC- ZrC and Ta. Richardson constants de-

duced for UC (A 55.5 _ 3.11) and Ta {A 47.1 _b4.12) are it

fair agreement with values obtained by other investigators.

The emission from a UC-ZrC solid solution Ot 0.44 @

2.69) was less than that previously reported. (auth) #(a "_AIIll

27966 PHYSICOCHEMICAL PROPERTIES OF BORIDE

THERMIONIC CATHODE MATERIALS. A.I. Kaznoff,

E. W. Hoyt, and L. N. Grossman (General Electric Co.,

Pleasanton, Calif.). Advanced Energ_ Conversion, 3:

167-73(Jan.-Mar. 1963).
Lanthanlde hexaborldes have been shown to cover a wide

range of thermlonic work functions. This range covers the

_span of 2.2 to 4.9 ev. The materials problems encountered

in working with these emitter materials are discussed.

The materials studied were YB I and EuBs, the first having

the lowest reported work function of the hexaborides (2.g

ev), the second having the highest work function (4.9 ev),

The following topics are discussed: s)althesis of the hexl-

borides, fabrication of the hexaborides, bondIng of the

hexaborides to refractory metal substrates, subllmaUon

behavior at high temperatures and decomposition products,

and compatibility of the hexaborides with cesium. PhyslCo-

chemical properties of YB 0 and EuB t are also summarized.

(auth) f_ % f_ ' _,'_

27977 THERMIONIC EMISSION FROM ZIa_()NruM

CARBIDE WITH CAESIUM VAPOUR PRESENT. J. Myatt

(Atomic Energy Research Establishment, Harwell, Berks,

Eng.). Advanced Energy Conversion, 3: 279-85(Jan.°Mar.

1963).

Measurements of electron emission from ZrC, both un-

der high vacuum conditions and in an atmosphere of cesium

vapor, are presented. Under vacuum conditions the follow-

hag emission constants were determIned: A = 3.03 x l0 t

A/cm t "Kt and O = 4.48 ev. Cesium was found to increase

this emission by s factor of I04 at low emitter tempera-

lures. Langmuir type S curves were observed, but even at

hhc high_._t temperature:, reach_l (1920=K) the emtssioa

was still a factor of 8- 10 times greater than from the

/clean ZrC. (auth) ,&'_$._ r(B



•27978 STUDY OF TIIERMOEMISSIVE PROPERTIES

OF UR._NIUM CARBIDES BY AN EMISSION ELECTRON

MICROSCOPE. B. Devin, G. Gayte, L. Koch, and

L. Sondaar (CEN, Saclay, France). Advanced Energy Con-
version, 3: 287-94(Jan.-Mar. 1963).

The image of the electron emission of uranium carbide

is obtained in an experimental microscope in which the ob-

ject to be studicd is heated to emission temperature by

electron bombardment. The tests were performed on disks

obtained by sintcring or by fusion. The difference of emis-

sion be_'ccn the various elementary crystals depend• upon

the crystalline orientation of the face considered. It III

possible to measure the difference between the work func-

tions and to relate this to the orientation of the surface

plane. The method enables one to see the influence of sur-

face impurities (e.g.: O2, UO 2) and to ob•erve the evolutloo

/Of grains boundaries during heating. (auth) _)f_//o 3

t36536 MATERIALS REQUIREMENTS FOR THERMI-

ONIC ENERGY CONVERSION. R.C. Allen and C. H. S'keen

(Atomic• International, Canoga Park. Calif.). 41p.

(CONF-59-2)

From American Society for Metal•° Western Metal Con-

gress, Los Angeles, Mar. 1963.

The fundamentals of the thermlonic energy conversion

and its potential application• are reviewed. Materlal$

problems associated with thermlonlc emitter• are con-

sidered In relation to the following: work function; em188-

sivity; vaporization; thermal, mechanical, and electrical

proper'tie _; chemical stability; permeation; and stability

under nuclear radiation. Cesium purity and materials suit-

able i't;r collectors, electrical leads, support structures,

insulators, and seals are also discus•ed. Experimental

work on problem• Involved Is reviewed. It is concluded

that significant developments have occurred recently in all

areas _, ,.,:rm,_,.,. energy ,_,,n_, _,,,,. (40 references)

(A.G.WJ W_/_ % 3

127979 SPECTRAL EMISSIVITIES OF ELECTRODE

MATERIALS. J. R. Branstetter (Lewis Research Center.

Cleveland). Advanced Energy Conversion. 3:295-303

(Jan.-Mar. 1963).

Many of the high temperature metals and carbides being

considered as electrodes in thermionlc eonvertors pos•esa

spectral emissivities that are sensitive to both wavelength

and temperature. For these materials the grayobedy pro-

cedure for computing the net radiant heat exchange can

yield results considerably different from those obtained by

the more exact method of summing the monochromatic heat

flux over several hundred increments of wavelength. For

tungsten, the flux obtained by summation has been shown to

be as much a_. 2-" per cent greater than the gray-body flux

when both computational procedures were based on the

same emissivity data. Current progress towards obtaining

spectral emissivity data on other materials (such a• tanta-

lum} is discussed along with the amount of emissivity data

required for any given material in order to calculate

• ummed net heat flows having good accuracy and the extent

to which simple equations can be made to fit these heat flow

data. The analytical procedure used by the NASA data-

reduction center to compute net heat flux for particular

geometries is mentioned. Emphasis l• placed on how the

procedure can be applied to a variety of geometries and

materials. (auth)

AD-402 697 Olv. 8, 26

(TISTE/JWS) OTS pr|ce $2.60

Autonetlc•, Downey. Csl|f.

UNIFORM WORK FUNCTION CATHODE STUDIES FOR TBKRBI °
ONIC CONVERTERS.

Quarterly rept. no. _, 12 J•n-12 Apr 63,
by N. N. Huberman and R. A. Nohr. Apr 6_, 29p.
Contract AF3_ 657 87k6

Unclaassified report

Descrlptorst nThermlonlc converterS, eCsthodell
(Electron tubes). Analysis. Tests. Microstruc-
sure. Vapor plating, X-ray absorption analyllls,

Surface properties, Crystal structure, Nolyb-
denum, Electron microscopy, Manuf•cturing
methods.

X-ray analysis of vapor deposited molybdenum shows
th•t either (111) or (100) preferred orientations

can be obtained. Further work indicates that pre-
cise control of l_purltles is needed before re-

producible results can be obtained. Cathodell
having (111) orientations were produced using
vapor deposition techniques. Methods of polish-
ing cathode surfaces were studied. X-ray studies
show th•t heat are•amenS is adequate to restore

the preferred orientation •t • mechanically pol-
ished surface. The reproducibility of performllnee
of test diodes was established by comparison of
current data with data from previous work. Con-

struction of •n emission electron microscope for
cathode work function distribution studies 18 is

,rogrest. Preliminary work has been done with
electron mirror microscope. (Aulhor)

24331 EMISSION OF tinT ELECTRONS FROM GERMANIUM.

Yu.K.Pozheia and V.I.S-niiai'nikas.

Fiz. tverdogo Tela (USSR), Vol. 5, No. 3, 730-3 (March, 1963).
In Russian. English translation in: Soviet Physics-Solid State (USA),

Vol. 5, No. 3, 532-5 (Sept., 1963).
A study was made of emission of hot electrons from germanium

treated in caesium vapour and placed in a strong electric field• The
dependence of the emission current and the •emiconduetor'll

resistivity chaz_ge on the field intensity were investigated. Emission
of hot electror_s from germanium covered with a DaO film was

observed, t._/q _':_



lAD-402 639 Dlv. 7, 25

(TISTE/JBM) OTS price $1.10

Radio Corp. of America, Lancaster, Pa.
THE DEVELOPMENT OF A LO_-WORK-FUNCrlON COLLECTOR

FOR TIIE_M|ONIC ENERGY CONVERTERS.
Bi-monthly status rept. no. 2, 15 Feb 63-

15 Apt 63,
by _. B. Hall, R. J. Hill and 3. J. O,Grsdy.

26 Apt 63, 4P.
Contract Nonr4012 00

Unclassified report

Descriptors: UThermlonlc converters..Elec-
trodes, • Work functions, Cesium, Design, High
temperature research. Aging (Materials),
Electron bombardment, ileating, Rhenium, Ceraml¢

materials, Tungsten, Nioblum, Nickel,
Molybdenum, stainless steel, Tantalum, Iridium,
Purification. Electric arcs, Thermioni¢

emission.

ResearCh was continued on the development of a

Iow-work-functlon collector for thermlonic con-
verters operating in the ,,Ball-of-Fire'' mode
of the low-voltage arc. Changes in work function
will be determined by comparative measurement

in actual operation of converters under iden-

tically controlled conditions. Three approaches
will be investigated: {I) the development of

a material or surface which, when partially
coated with cesium, gives a Iow-work-functlon,

(2) the development of a low-work-function
surface which is kept free of cesium, and (3}

the additiun of gas additives which, in con-

Junction with cesium on the bane'material,
produces a low-work-function. (AuthOr) /&3.

AD-404 255 Div. 7

(TISTE/JWS) OTS price |2.60

General Electric, Schenectady, N. ¥.
THERMIONiC CONVERTER SURFACE CONDITIONS.

Quarterly technical progress rept. no. 1, 15 Feb-
30 Apr 63,

by V. C. Nilson and 3. Lawrence. 30 Apr 63, 12p.
Contract AF33 657 10132, Proj. 8173, Task
817305 27

Unclassified report

Descriptors: aThermlonic converters, Molyb-

denum, Niobium compounds, Carbides, Tungsten,
Tests, Temperature, Anodes, Cathodes. Surface
properties, Cesium.

A short review of the program of work is given.

A parallel-plane cesium converter having an
emitter of niobium carbide and a collecto! of

molybdenum was operated. Comparison is made
between its operation and that of a simiiar

converter having a cathode of poiycrystalline
tungsten. The power output of the niobium-car-

bide converter is cons id_atl_ t_er q_s_.witk
tungsten. (Author) I

12235 THEPJ_,IONIC EMLqSION FROM DISPENSER
CATHODES. H.Ahmed and A.H.W.Beck.

J. appl. Phys. (USA), Vol. 34, No. 4 (I), 997-8 (April, 1963).
Dispenser cathodes were studied in the scanning electron

microscope with resolution better than 250 A After activation, the
cathodes had a layer of 1-5 u thickness formed on their surfaces.

Drawing current then produces a characteristic surface rearrange-
ment or mtcrostructure. Photographic evidence of these effects ts

A.H.W.Beck
given. _,_ IG .-$

19J04 LASER BEAM INDUCED ELECTRON EMISSION.

D.Llchtman and J.F.Ready.

]Phys. Rev. Letters (USA), Vol. 10, No. 8,342-5 (April 15, 1963).
Sharp pulses of thermionlc electron emission from carbon and

tungsten targets were observed when the targets were illuminated
with the focused output from a ruby or neodymium laser. Each

pulse lasted between 0.1 and I microsecond and Its ma_Itude was
about 50 mlcroamperes. The current density from the target surface
was hundreds of Acm", and can adequately be explained by the

heating of the target surface during the pulse, the rate of temperature
rise belng about 10 I° deg K eec -,. J.H.Sanders

a 33393 MATERIALS PROBLEMS ASSOCIATED WITH

TIIE DESIGN OF RADIATORS FOR SPACE POWERPLANTS.

James H. Diedrich (Lewis Research Center, Cleveland).

20p. (CONF-94-4)

From American Nuclear Society Meeting. Nuclear Mate-

rials for Space Application. Cincinnati. Apr. 1963.

The Rankine cycle turbogenerator and thermlonic emitter

(both employing a nuclear energy source) have the greatest

potential fo_ producing a minimum weight system (_10 to

20 lb per electric kw output), but for both large amounts of

wa,,,tc heat must be rejected in space by radiation. Environ-

mental factors and design considerations that will influence

the materials selection fuz the radiator are discussed.

Parameters that reflect minimum weight and meteorite

penetration resistance are used to evaluate several candi-

date materials for a tubular-fluid radiator. The results

indicate that beryllium and pyrolytic graphite will be best,

but preliminary hypcrvelocity impact tests indicate a need

for further development work on beryllium. (D.L.C.) .h_j_)7
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UNCLASSIFIED

117170 THERMAL ELECTRIFICATION AND IONIZATION OF SOLID PARTICLES

See, S. L.
April 1963 L_classifted

Virginia, Univ. of (TR-ILL-IO-P)
School of Engineering & (Pro]acts: Squid)
Applied Science
Aerospace Engineering Dept.
Nonr 3623(00)
TR

Distribution of an electron cloud around a solid particle

charged by thermal electrification was studied. It was shownn that
most of the electron emitted by thermionic emission are bounded
by the charge of the solid particle. Ionization of thi• •ystem can
be produced by an electromagnetic field or scattering by gas molecules.

/36535 TItERMIONIC EMISSION ENHANCEMENT

FROM CESIUM COATED RItENIUM IN ELECTRIC FIELDS.

J. G. de Steese and R. J. Zolhveg (Westinghouse Research

Labs., Pittsburgh). 9p. (CONF-68-g)

From Electrochemical Society, Pittsburgh, Apr. 1963.

The plasma-anode technique was used to observe anom-

alously high thermionlc emission from a rhenium surface

with small cesium coverage, where the work function of

the composite surface Is greater than the Ionization po-

temial o! cesium. Data suggest that emission enhancement

is caused by Increased cesium coverage because of cesium-

ion trapping near the emitter surface under the Influence

of an Ion-rich sheath. (auth) tv_/¢ '_,

AD-405 695 Ply. 8, 25
(TISTPIMH) OTS price 11.60

Foreign Tech Div., ,Air" Force Systems Command,
Wrlght-Patterson Air Force Base, Ohio.
STUDY OF THERMAL ELECTRON EMISSION FROM A

HOLLOW CATHODE.
by N. B. Fyt'yevu and Ye. N. Dubinlnu. I_ lay 67.

13p.
FTD TT67 767

Unclassified report

trans, from RuSsian periodical, Izvestlys
akadcmii nuuk SSSK, Serlyt fiztchesksyu, 26:11.

pp. 1347-174_. 1962.

Descriptors: eThermlonlc emission, Oxide
cathodes. Emissivity. Electric currentS,
DenSity, Electric potential, Structures,
Magnetic fl_Ids. Electron tubes, Electron
beamS, Anodes, Cathodes.

The great Interest in hollow oxide cathodes has
been brought on by the considerable current dens-
/flea of cathode emission, by the low voltages
It which they m•y be obtained, us well aS by
the small effective dimensions of the electron
source and the insensitivity of the cathode to
Ionic bombardment. However, the mechanism of
ItS emission h•s not yet b,,en sufficiently
studied; visual lnvestig•tion of the structure of
the beam formed by • system with • hollow
cathode attests to its complexity. An attempt
was made to explain current anomalies of the
cathode on the basil of the •tructura| character-
Istics of the beam. (Author) f_

AD-408 972 Dig. 7, 25

(TISTM/BRW) OTS price $9.10

Allison DIv.. General Motors Corp.. Indianapolis.
Ind.
!_VESTIGATION OF THE MONOCAPILLAR¥ THERMIONIC
ENITTER AS A DUAL SOURCE OF IONS AND ELECTRONS.

Quarterly technical progress rapt. no. 5. 15 Feb-
1_ May 63.
by D. L. Dresser, J. D. Dunlop and R. T. Schneider,
15 June 63, lv. EDR J390
Contract AF33 616 8299, ProJ. 8173, Task 817305

Unclassified report

Descriptors:
mental data), ( nThermf°nlc

( converters, Experl-
*Tungsten, Thermionic emission),

Thermoelectrlcity, Plasma sheath, Ionic current,
Ion sources, Temperature, Impurities, Electrical
properties. Electric currents, Electric poten-
tial, Tantalum, Cooling, Test equipment (Elec-
tronics), Cesium, Electric arcs, Spectroscopy,
Theory, Porous metals. Cathodes, Electrons.

Experimental data is reported on e multicapillary
converter, Converter G. which was operated for
over 300 hours. Data included (I) current-voltage
characteristics for the temperature range from
1800 to 2100 g, (2) high frequency oscillations,
(7) ion current measurements, and (4) spectro-

scopic data. The data in the temperature range
from 1800 to 2100 g agree with the random current
model of the capillary emitter; at 2000 and 2100

g the data Indicate several competitive advantages
over conventional converters, Including wider
electrode spacings, higher converter voltage, and
lower cesium bath temperature. The high frequency
oscillation data show that the peak current-

voltage points form an arc mode characteristic.
The Ion currents at high collector temperature
appear to be due to cesium atoms evaporating from
the collector and Impinging on the emitter sur-

face. Spectrographic data Indicate elevated
electron temperatures In the arc mode. When high
frequency oscillations are present In the passive
mode, the line intensities of lower energy excited

states are increased. (Author) /_.-_
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27989 GRAPIIICAL METIIOD FOR OPTIMIZATION

OF CESIUM-SUItFACE IONIZER MATERIALS. G. Kuske°

vlcs (Electro-Optical Systems, Inc.,PasadeD_, Calif.).

AIAA (Aln. Inst.Aeron. Astronaut.) J., I: 1455-8{Jtme

1963).

A graphical method Is proposed for the optimization of
cesium ionizer material, structure, and operating point.

Proper selection of the ionizer material, its structure and

work function, and the design point optimizes the propellant-

utilization efficiency, power efficiency, and, to some extent,

life of the cesium-ion engine. The method is illustrated by

optimization of the design point for a solid tungsten ionizer

using exponential and iinearized plots and by selection ot

optimum material based on preliminary experimental crt rio

cal temperature curves and theoretlcs! neutral fraction

curves. (ant_) ,'__r_ "_

"19305 LASER-INDUCED TIIERMIONIC EMISSION.

C.M.Verber and A.H.Adelman.

Appl. Fhys. Letters {USA), Vol. 2, No. II, 220-2 {June 1, 1963).
The interactlon of L_ser beams with a heated thoriated tungsten

filament was investigated using a ruby laser _nd an optically accessible

vacuum diode. An electron emission signal w_s obtained, which

consisted o! an initialpeak and a slowly rising long slgn_l. A

theoretical interpretation indicates that this long signal is in fact

thermionic emission. Attempts are now being n_ade to bring the

theoretical and experimental values of the laser-lnduccd temperature

ise into closer agreement. C.Greaveu

/ 19307 INVESTIGATION OF THE PROPERTIES OF THORIATED
TUNGSTEN CATHODES AT HIGH EMISSION CURRENTS.

H.J.Booss and W.Seiffarth.

Z. angew Phys. (Germany), Sol. 15, No. 6, 505-9 (June, 1963).
In German.

When large currents are drawn from electronic valves containing

thori_ted tungsten cathodes the electron emission frequently falls
off. A method is developed for investigating the influence of the
cathode materials on this behaviour. An impulse method ts used to
measure the saturated emission in a test diode while a large current

is actually being drawn. The initial results indicate several essential
differences in the v_rious commercially available materials examined.

C.Greaves

)37532 THERMIONIC PROPERTIES OF SOME RE-

FRACTORY METAL CARBIDES. J.H. Ingold (General

Electric Co.. Pleasanton, Calif.). J. Appl. Phys., 34:

2033-9(July 1963).

The low-field thermionlc emission properties ofvacuum

hot-pressed samples of MoC, Ta0.|Zr0.1C, TiC, HIC, TaCo

and ZrC in polyc,'ystallinebulk form were measured over

the temperature range 1300 to 1900°K. The samples were

well characterized by metallographic examinations and

x-ray diffr:_ctionanalyses. A correlation between micro-

structure and thermionic emission was observed. The

MoC sample was found to be the most copious electron

emitter, while the ZrC sample, which was carbon deficient,

had the smallest electron emission over the temperature

range inves*.lgated. (autb) /_ '-_ ?'_ "6 "3

_J16974 TIIERMIONIC PROPERTIES OF SOME REFRACTORY

METAL CARBIDES. J.H.Ingold.

J. appl. Phys. (USA), Vol. 34, No.7, 2033-9 (July,1963).
The low-field thermlonic emission properties of vacuum hot-

pressed samples of MoC, Tao.sZr0.2C, TiC, IHCt TaC, and ZrC in

polycrystalline bulk form were measured over the temperature

range 1300" to 1900"K. The samples were weP_ characterized by

metallographic examinations and X-ray diffraction analyses. A
correlation between microstructure and thermionic emission was

observed. The MoC sample w_s found to be the most copious

electron emitter, while the ZrC sample, which was carbon deficientm

had the smallest electron emission over the temperature range

investigated, rf. _ I_°2-_
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AD-409 01_ Dlv. 7. 14, 20

(TISTM/DR_) OTS price $7.60

0eneral Motors Research Labs., Warren, Mich.

DEVELOPMENT OF BARIUM OXIDE-URANIUM OXIDE-
TUNGSTEN AND BARIUM OXIDE-URANIUM OXIDE-RHENIUM
EMITTERS FOR USE IN NUCLEAR IIEATED THERMIONIC

CONVERTERS.

Annual rapt.
1 July 62, 70p.
Contract Nonr387000

Unclassified report

Descriptors: (UThermionic converters, Mate-
rials), {eMateriais, Thermionic emission),
(eCermets, Preparation), Barium compounds,

Uranium compounds, Oxides. Tungsten, Rhenium,
Electrons, Emissivity, Porous metals, Impreg-
nation, Evaporation, X-ray diffraction analysis,
Thermochemlstry.

The results of experimental and theoretical

investigations that were conducted on various
Ba0-U02 emitter materials are presented. X-ray
analysis, evaporation rate studies, t_ermechem-
lcal calculations, electron emission studies and

thermionlC emission microscope examinations are
discussed in detail. The results indicate that

emitters continlng 60 mol-_ and 40 mol-_ U02

dispersed in a matrix of either tungsten er
rhenium are comparable to the commercial dis-

penser type emitters that employ tribarium alu-
minste impregnated in tungsten. The use of U02

In the emitter materials produced an emitter wlth

a self contained heat source when operated in a

nuclear environment. "_3

V
19303 CRYSTAL PIIASES OF NICKEL AS RELATED TO

ADHESION OF THERM]ONIC COATINGS AND TO
EMISSION PHENOMF_A. A.Sandor.

J. Electronics and Control (GB), VoL 15, No. I, i -19 (July, 1963).
For conventional oxide cathode_ L_.e possibility of forming

rrdcroseparaUons between the nickel base and the coating during
the activation phase is demonstrated in a large-screen thermionie
emission microscope. When using work-hardened nickel shearing

forces necessarily occurring during recrystallizatlon owing to crystal
growth and grain boundary expansion must lead to disruption o_ the
base-to-coating contact. Severe limitations to emission current by

increased resistance, next to interface resist_mce, are Imminent.
A preventive measure of pre-heating all cathode sleeves at 1200"C

Is recommended. Arttf:clal activation of the polycrystalline nickel
base by a thin-film barium layer leads to the qualitative observation
of anomalous emission phenomena as caused by the anisotropy of

different crystal planes. Emission reversal with decreasing temp-
erature, crystal memory shapes, preferenUal etchabiIity of higher

work function planes, recovery after apparent barium exhaust/on
and alter hot oxygen poisoning are among the observations. Theore-

tical efforts for reconciling apparent contradictions seem essenttaf
since thin-film activation appears to be the ultimate mechanism ol

electron emission in any thermlonic cathode structure.

,w I _.

21857 LASER-INDUCED THERMIONIC EMISSION.

r-lo_', _.A ....... _r, Tte and E.J.McKinney.
Appl. Phys. Letters (USA), Vol. 3, No. 2, 25-7 (July 15, 1963}.

Describes an experimental study of the electron emission
characteristic_ of a hragsten cathode when its surface was impulSe-

heated with a sharply focused laser light beam. Tlme-c0rrelation
traces of emission current and laser output are given; the relation

between the two gives a perfect correspondence of Occurrence ¢1
laser output peaks and jumps tn the emission current, but the actual "

intensities az'e not well correlated, and emission peaks appear some-

/'_imes to occur just before laser peaks. J.Hawgoc_L_r'/,;



21856 WOHK FUNCTION AND TIIEIL_.IAL DESOitPTION IN THE
SYSTEM TllORIUM -ON-I{dENIUM.

J.Anderson, W.E.Da,fforth and A.J.W!lliams, IlL
J. appl. Phys. (USA), Vol. 34, No. 8. 2260-5 (Aug., 1963L

This lnvest!:.y_tton coexists of two different but related parts.
(l). The thermionic properties of rhenium and rhenium with an

adsorbed layer of thorium atoms, were investigat¢_l. The Rieh:_rdson

constants for rhenium were found to be q= 4-85 eV. A : 66 A cm'ddeg "d.
The work function decreases with increasing thorium coverage o to
a minimum of 3.15 eV at o = 4.2 >_10 t' atoms per sq cm then rise, to
a constant value of 3.3eV at o : 8_,1014 atoms per sqcm. A com-

parison with the system tungsten-thorium shows that: (a) q_...t, occurt
at the same sub"ace density in both eases, (b) q.,_., is attained at

the same surface density in both eases, and this density is tltat o(
the atoms in a (100) plane of thorium metal, and (e) the value, o(

_,.... , are equal and different from that of bulk thorium by only 0"1 eV.

On the basis of these regularities a model is proposed to explain
the variation of ,, with u. (2). The thermal desorptlon of the adsorbed
atoms was studied at temperatures between 2203* and 246ff'!C At

"low coverage the de._orptic.n rate per atom r?.o,was foundto be constant
with coverage, and to obey the relation ,o--- CT exp {-t/kT} with

C = 4 _.10 t° sec- t deg'l and _ = 8"30 eV. The desorption rate Increased

for coverages between 0-05 ano 0.5 monolayer and this increase agreed
well with the predictions of a theory based on inter,erich, among

/A.he adsorbed atoms. 1.9/i _ -_._

/ 21859 THEORY AND EXPERIMENT ON THERMIONIC

EMISSION FROM BARIUM-COATED ALLOYED NICKEL. L
A.Sandor.

J. Electronics and Control (GB), Vol. 15, No. 2, I01-I0 (Aug., 1965).
Efforts were mainly directed toward the conception of a theo-

retical basis which would permit reconciliation of all the phenomena

observed so far during investigations on barium-coated polycrystal-
line nickel in a large-screen thermionic emission microscop¢. It
was felt that any further planning on experimental methods for fur-

ther research would be sensible only if a solid concept, explaining
all effects in a unified manner, could be established. A compre-
hensive, although largely qualitative theory was developed which

filled the existing gaps. Topics _ich were reconciled by this theo_ 7

[! are: (!) Distortion of nickel crystal planes during recrystalllzatlon.
(2) Uniformity of emission density on each crystal face. (3) Prefer-
ential etchabillty of crystal faces showing increased emission.

(4) Crystal faces undergoing emission reversal with temperature
develop an emisslve dot pattern. (5) Emission reversal from a few

crystal planes only. (8) Contrast anomaly with temperature. (7)

Emission recovery after hot oxygen poisoning by vacuum heating.
(8) Reactivation of the nickel/barium emitter when exposed to

oxygen In the cold state. In order to verify the general validity of
the theory developed here, suitable measurements were performed
on the phosphor screen by checking local brightness values which
are proportional to emission current densities.

f 21860 THEORY AND EXPERIMENT ON THEI:tMIONIC
EMISSION FROM BARIUM-COATED ALLOYED

NICKEL. II. A.Sandor.

J. Electronics and Control (GB), Vol. 15, No. 2, 111-29 (Aug.. 1963).
The research goals set forth in Pt I (see preceding abstract)

were pursued further with emphasis on investigations on the emission
reversal phenomenon and its reversibility as manifested on certain
barium-coated nickel crystal planes and as viewed, quantitatively

recorded and interpreted from the phosphorescent pattern of the
21 in. large-screen thermionic emission microscope. Dilfferential

packing densities of nickel atoms in different crystal planes, exhibit-

ing various degrees of -_dhesion and chemisorptive properties, hold
impurities cf different concentration levels which determine the
anisotropic work function conditions on nickel crystal faces. Their

shifting to the surface by thermal diffusion mxd evaporation depletes
the bulk to yield to a purified nickel, the crystal faces of which do
not exhibit any significant work function differences. Ionization in

the barium contact layer also varies ",vith this concentration and
determines the rate of holding forces which work against or in

favour of early evaporation of barium. Contrast anomaly in the

image and emission recovery by hot and cold oxygen infusion also
finds an explanation by the autoionization concept, i_1 t,Ill 127



21858 TE,Mt)EIL_'rURE TRANSIENTS IN OXIDE-COATED

CA'IIIODES DUPd_G PULSED OPERATION.

D.A.Campbell and W.G.Shepherd.

J. appl. Phys. (USA), Vol. 34, No. 8, 2473-82 (Aug., 1963).

Experimental results presented demonstrate that transient

changes in the thermionic emission of oxlde-coated cathodes which

occur during heavy pulse current drain depend upon the anode material

and its past history. When an anode is used which has not been

suitably prOCessed a decay characterized by a 100/Jsec time constant

occurs similar to that described by Sproull (1945), and by Matheson

and Nergaaxd (1952). When a Ti anode which has been suitably

processed is used the emission decay no longer occurs and contrarlo

wise an emission enhancement is observed. An experimental study

of the emission enhancement leads to the postulate that the effect is

a consequence of a temperature increase at the emitting surface. A

solution to the heat equation subject to boundary conditions appro-

priate to an oxide-coated cathode during pulsed current drain Is

obtained taking into account the Joule heating (J'p),emission cooling

(Jx),and radiation at the emitting surface. The analysis shows that

for active cathodes significanttemperature changes can develop at

the surface of the oxide coating during single pulses of microseconds

duration. The teml)erature changes inferred from experimental

results presented _Lre in agreement with the predictions ofthe theory.

A numerical solution appropriate for conditio,_ during temperature

limited current drain is obtained for the nonlinear heat equation

which shows that a thermal Instabtlitycan develop in active cathodes

passing high current densities. ItIs proposed that this the,-mal
instabilitycan account for the phenomenon of cathode sparking. _/J_')_

J

/24335 EFFECT OF DAUGHTE;R Rb ssON THE CHARACTERISTICS

• OF A THERMIONIC DIODE CONTAINING Kr e_.

R.Forman and J.A.Gbormley.

J. appl. Phys. (USA), Vol. 34, No. 8,*2498-9 (Aug., 1963).

The current-voltage characteric shifted with time towards

more negative anode voltages despite constant cathode emission.

Itis shown that the anode work function was being lowered by

depositiooofRe'.

/39717 (GEST-2021) RESEARCH AND DEVELOP-

MENT PROGRAM OF TIiERMIONIC CONVERSION OF

HEAT TO ELECTRICITY. Technical Summary Report.

(General Electric Co. Vallecitos Atomic Lab., Pleasanton,

Calif.). Aug. 30, 1963. Contract NObs-88578. 95p.

Two emltter-collector spacing configurations for

thermiontc converters successfully completed component

testing. A thermionlc diode configuration, making avail-

able a close match to the environment expected on spacing

configurations In nuclear thermionic diode3, is in the final

stages of assembly. An assembly to allow the testing of s

number of concepts of possible cesium passages from one

thermtontc diode to the next in a series arrangement was

designed and fabricated. An electron=beam furnace for the

study of UOrrefractory metals interactions at tempera-

tures from 1650 to 2200°C completed the checkout phase.

Careful characterization of two grades of tungsten was

completed and samples of UO 2 clad in tungsten are under

test. An experimental study to determine the phase equi-

libria between Y20_ and four refractory metals (tungsten,

rhenium, tantalum, and molybdenum) revealed no inter-

mediate compounds along the pseudo=binaries YzOs-W,

Y2C_-Re, YZOj-Ta, or YzO3-Mo between 1500"C and

2000°C. No indication of metal solubility in YIOs was ob-
served by x-ray techniques. A search for reaction between

cesium vapor and YzOa at 1600"C revealed no reduction of

Y20) at a cesium vapor pressure of 4 torr. The thermal

expansion coefficient of Y20) was measured to be: cr x

l0 e = 5.143 + 0.i85 T'_ - 0.0021 T, where: a is expressed

in "C -t and T is expressed in "C and encompasses the

range 75"C < T < 1050°C. The melting point of YzOs was

measured to be 2420°C _ 35*C. The development of high

temperature metal-to-ceramic seals is getting underway.

i(auth) _) S__,_(_._

"¢Ion=emission re#luirement.q for removal of
(qecTron spnco-ch._rge I)'trrier.q. L. K. Han-
son and C. _Varner. 3d. b:'bliog dla,q J Ap
Ph_'s 34:2574-7 S '63

Photoelectric and therTnionlc Sehottky devi&-
tion_ for t_In_ston single erystal_. D. ]P.
Stafford and A. H. 3.Veber. bibllog dlags J
An Ph.v.e34:2GG7-70 S '63

21883 PIIOTOELECTRIC AND THERMIONIC SCHOTTKY

DEVIATIONS FOR TUNGSTEN SINGLE CRYSTALS.

D.F.Stafford and A.H.Weber.

J. appl. Phys. (USA}, Vol. 34, No. 9, 2687-70 (Sept.,1963).

The periodic Schottky deviations have been obtained for photo-

electric and thermionic emission in the [111] direction from It

tungsten single crystal in a dual experiment. The thermionlc devia-
tions, compared with well-established experimental results and

theory, serve as a check on the photoelectric work. The photoelectric

deviations, not previously established experimentally in detail,axe

compared with theory. A composite theory, using Cutler -Gibbons

thermionic parameters in Juenker's photoelectric analysis, is in

best agreement with the experin_ental photoelectric results. The

photoelectric deviations are in lair agreement in period and phase

with tl_etherm_onic deviai_ons, the agreen_ent b_Ir,g better at the

larger applied electric fields (corresponding to the earlier time

of a run) than at the smaller fieldvalues. The photoelectric devia-

tion amplitude is 1//% at E _= 350 (V/cm) _. f)f_ t (r'_
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4167S THERS_ONIC SCREENING OF BODIES IN .THE

ATMOSPHERE AND INTERPLANETARY SPACE. C.S.

$hen (Goddard Inst.for Space Studies, New York) and K. P.

Chopra. J. Atmospheric Sci., 20: 359-65(Sept. 1963).

Problems are considered that accompany thermlonic

emission of electrons from a hot body surrounded by a

plasma, In the absence of other mechanisms, an electric

potential is established at the surface of the body through
the balance of thermionic emission and accretion of elec-

trons from the external plasma. Analytical solutions are

obtained for the electric potential field and the electron

density distribution around the body. A possible applica-
tion of this analysis to objects in space is indicated.

(au_ A/5,4 'L-3

'41594 IMPROVED TIIERMIONIC EMITTER USING

UNIAXLALLY ORIENTED TUNGSTEN. Ira Welssman and

M. L. Kinter (Varian Associates, Palo Alto, Calif.). J.

Appl. Phys., 34: 3187-94(Nov. 1963).

Emission from most practical electron sources Is non-

uniform over the emitting area, Ordinary metallic sur-

faces are polycrystalline and their emission comes from

many different small crystal facets whose work functions

can vary over a wide range of values. As an example, the

range of work functions of tungsten goes from a low of

4.3 for the (I16) face to a high of 5.9 ev for the (110) face.

Substantially improved uniformity of work function and

current density would result if the entire emitting surface

contained only a single-crystal plane. The use of a single

crystal as a means of obtaining such a surface Is costly

and wasteful since Its unique bulk properties are superflu-

ous and do not in any way contribute towards the improved

performance. Even more important, using a single crystal

inherently limits one to planar geometries. Many poly-

crystalline materials of arbitrary shape, among them the

refractory metals, when prepared by chemical vapor depo-

sition can be made to exhibit a high degree of uniaxial

crystal orientation with their preferred axis centered about

the direction of growth. Given proper treatment after dep-

osition, the surface of such materials predominantly con-

sists of a single-crystal plane. X ray, optical, and therm-
ionic-emission measurements are described that were

made on vapor-deposited tungsten prepared by the hydro-

gen reduction of tungsten hexafluoride. By comparing

volt-ampere characteristics of high-vacuum diodes, one

of which contains a conventional tungsten filament and the

other a chemically vapor-deposited one, of identical di-

mensions, it is found that there is an expected improve-

ment in emission uniformity owing to the uniaxial grain

orientation in the latter. By a similar comparison of

cesium-neutralized energy-cony.crier diodes, it Is shown

that the improvcd surface uniformity results In signifi-

cantly improved power quadrant characteristics. {agth),_

129



III. POWER G_ I_ERATION

A. Thermoelectric converters

29853 (MND-II23) RADIOISOTOPE FUELED AUXIL-

IARY POWER UNIT. Quarterly Progress Report No. 2,

April-July 1957. (Martin Co., Baltimore). Contract AT

(30-3)-217. 76p.

Development of a radioisotope heat source for a satellite

power plant is summarized. Possible operational hazards

during the lifetime of the system are discussed. The de-

velopment of the boiler design, fabrication of cerium com-

pounds, pump assembly, turbine, and mercury heat transfer

medium are summarized. The effect of gamma radiation _,n

Kodak Mlcrofile film is studied. (N.W.R.) _e_..)_ _/_-_

31760 (MND-P-I175) RADIOISOTOPE FUELED

AUXILLA_RY POWER UNIT. PIED PIPER APU. Quar-

terly Progress Report No. 3, July 1, 1957-October 1, 1957.

(Martin Co., Baltimore). Contract AT(30-3)-217. 51p.

Progress made in the development of SNAP-1 is reported.

Drawings of the shieldivg and remote handling equipment

are given. The hazards of this power plant are summarized.

The conceptual design of the boiler is revised. The CeO z

fuel capsules will be mounted in a block of molybdenum by

drilling longitudinalholes and inserting. The thermal bond

material between the molybdenum block and the mercury

bearing coil will be molten lead. Results of studies on

fabrication of CeO_. cermets are given. Equipment for static

corrosion testing with mercuryand lead is diagramed.

]_usVelopment work on the power conversion system isdis-

sed. (N.W.R.) _'_9_ I _

'31761 (MND-P-3001) RADIOISOTOPE FUELED

AUXILIARY POWER UNIT. Quarterly Progress Report

No. 4, October 1957-January 1958. (Martin Co., Balti-

more). Contract AT(30-3)-217. 73p.

Work was directed toward building a suitable mercury

heat transfer loop that can be operated with a full-size

boiler mockup under environmcntal conditions of both

launch and outer space. A new half-power boiler mockup

was designed to rcplaee the fuU-size boiler in the heat
transfer test loop. Fuel assembly studics were made on the

stabilization of Cc_ and :he oxidation of molybdenum.

Corrosion test results on stainless steels, chromium steels.

and nickel --lloys m contrast with liquid lead. mercury

vapor, and liquid mercury are presented. The test rig

checkouts were essentially completed and testing was

initiated in every area of the power conversion system

program. All component groups were directed toward ob-

ining experimental verification of the individual compo-
nt designs established for the turbine-alternator /

namometcr. (N.W.R.t /g'b_ 6

f 31762 (MND-P-3002) RADIOISOTOPE FUELED

AUXILIARY POWER UNIT. Quarterly Progress Repor_

No. 5, January-April 1958. {Martin Co., Baltimore).

Contract AT(30-3)-217. 60p.

Progress made In the development of the radioisotope-

fueh,d thermoelectric generator (SNAP-l) is reported.

Shipping procedures and the boiler loading and installation

philosophy were determined. The core Integrity test pro-

gram wag defined In further detail to include tests to

evaluate launch abort damage and simulate re-entry heat-

ing conditions. A shielding analysis, to facilitate design of

the boiler insulation and biological shield, was completed.

Assembly of the mockup boiler hcat transfer loop was

completed and initial testing, started. Engineering drawings

for the new half-power boiler were completed and fabri-

cation initiated. Development testing continued on CeOt

pellets to improve stability and corrosion resistance. A

corrosion program to determine the effect of biological
shield mercury on surface emissivities of insulating metal

was initiated. Development of the power conversion sys-

tem components {turbine. pump. controls, alternator, and

_earings) was continued. (N.W.R.) _vg_ r_

/31763 (bIND-P-3003) RADIOISOTOPE FUELED

AUXILIARY POWER UNIT. Quarterly Progress Report

No. 6, April 1958-July 1958. (Martin Co., Baltimore).

Contract AT(30-3)-217. 125p.

A modular concept has evolved which permits testing of

SNAP-1 as an attachable unit. Integrity testing of fuel ele-

ments in simulated pad aborts is reported. The adequacy

of a full-scale boiler mock'up in vaporizing mercury at the

design point was tested; a new boiler coil designed to pre-

vent slugging was tested. The sintering properties of CeO z

were further investigated. Dynamic mercury corrosion

testing of Croloy 5 Si and Croloy 5 Ti is reported. Static

lead tests of CcC_ pellets, brazed joints, and flame sprayed

coatings continued. Testing of the powcr conversion system

turbine, centrifugal pumps, controls, radial gap alternator,

bearings, and steels is described. Design of a facility for

testing the APU module is under way. A conceptual design

,_f SNAP-3 was delineated. {N.W.R.) a, _,a i/_ "_

31764 (MND-P-3004) RADIOISOTOPE FUELED AUX-

ILIARY POWER UNIT. Quarterly Progress Report No. 7,

July-September 1958. (Maxtin Co., Baltimore). Contract

AT(30-3)-217. 116p.

Progress made i_,, the d_.wlopment of SNAP-I and -3 is

reported. SNAP-1 devclopment reported includes: boiler

development, fuel development, properties of cerium diox-

ide, materials corrosion, power conversion system devel-nQ

opment, shielding ar',_ysis, hazards evaluation, and ground_

test development. SNAP-3 dcvelopment includes: power

conversion analysis, thermoelectric generator developmer_. -
and fuel element development. Information is given on the

handling and transportation equipment for SNAP-I. (N.W.R.)



28560 NUCLEAR DEVICE FOR GENERATING ELEC-

TRIC POWER. Francis E. Jablonskl and Charles B. Lef-

fert (toGeneral Motors Corp.). U.S. Patent 3,093,567.

June 11, 1963. Filed Mar. 30, 1959.

A nuclear power plant in which d-c power is directly

generated from the reactor heat by thermoelectric cells

composed of one fuel element each is described. The fis-

sile material forms the cathode of a diode that is separated

by a fission-fragment-ionized plasma from a cooled con-

ducting surface forming the anode. Power outputs of about

50 watts/era 2 can be achieved with conversion efficiencie$

of about 3o%. (D.C.WJ &i_A _b'_

298SS (MND-P-3008) RADIOISOTOPE FUELED AUX-

ILIARY POWER UNIT. Quarterly Progress Report No. II,

July-September 1959. (Martin Co. Nuclear Div., Balti-

more). Contract AT(30-3)-21?. 144p.

Progress made in the development of the radioisotope-

fueled thermoelectric generators (SNAP-IA, SNAP-IRA,

-B, -C, and -D, and SNAP-VII) is re_eortcd. SNAP-IA de-

velopment is reported in relation to the overall system,

strucbJre and containment, heat element development and

testing, environmental and qualification testing, ground

handling and transportation, conversion system, and aper-

atlonal hazards. SNAP-IN-A, -B, -C, and -D development

of the thermoelectric generator Is concerned mostly with

molybdenum fuel capsule development, vehicle Integration,

fuel element design and testing,generator design and

testing, and hazards testing. SNAP-VII development is

concerned with generator design, fuel development, pro-

gram management and Integration, and hazards analysis.

SOME NOTES ON THE POSSIBLE APPLICATION OF9234
THERMOELECTRIC DEVICES TO THE GENERATION

OF ELECTRIC POWER. P.J.Batemaa.

Aeronaut. Res. Coun. Curr. Pap. (GB), No. 499 {July, 1959),

13pp.

When waste head Is available in a convenient form, conversion

to useful electrical power should be possible by means o_thermo-

electric devices which, fabricated from semiconductor materials

already developed, should give a power output per unit weight

comparable with that of con,.,entlona]small d.c. power sources.

This can only be realized La prac_ic.-ifIn_tallatlonand construc-

tion problems can be overcome, and the effecUve hot and cold

junctions are _f the order of I cm apart. Efficlencles are, how-

ever, so low at present that itis unlikely that thermoelectric

devices will be produced for the large scale production c/electrl-

I/o 

;' 298S6 (MND-P-3009) RADIOISOTOPE FUELED AUX-

ILIARY POWER UNIT. TASK 2. Quarterly Progress

Report No. 12, September-December 1959. {Martin Co.

Nuclear Div., Baltimore). Contract AT(30-3)-217. llSp.

Progress made in the development of the radioisotope-

fueled thermoelectric generator (SNAP-IA) is reported.

Information is given on system design, materL ! analysis,

hazards analysis, fabrication techniques, and system and

components testing. Special emphasis is given to the//
cerium fuel development program. (N.W.R.) ._f_/_ _

71,512 PRELIMINARY OPERATIONAL SAFETY REPORT

FOR TilE TASK 5.6 TilERMOELECTRIC

GENERATOR

Knighton, D.

May 1960

Martin-Marietta Corporation, Nuclear Division,

Baltimore, Md.

MND-P-2356

The operational hazards associated with the use of a

plutonium-fueled thermoelechie generator in a terrestrial
satellite are evaluated. The hazard problems are discussed

by extrapolating analytical and test data from previous final
analyses performed for similar isotopic power devices. It

appears that the plutonium fuel can be consumed and dis-
persed at high altitude during re-entry, following a successful
mission. As an alternative, however, since the fuel (Pu '_s) is

an alpha emitter with a long half-life, random intact re-entry
following a -uccessful mission may also be feasible. However,

as a precaution against aborted missions, the launch azimuth
should be over water as much as possible to avoid impact or

dispersion in areas of significant population density.



435_ _'rlD-173t)6) APPI.ICATION OF NUCLEAR

i)OWEI_ SI'PI)I.IES TO SI)ACE SYSTEMS. {Sigma Corp.,

I.o_Altos, Calif.). June 30, 1960. For Atomlcs Interns-

tic)nat. [)iv. of North American ,t_'iation, Inc., Canoga

Park, Calif. Contract AT-II-1-GEN-8. 98p. (LA-3301)

Studies were made to ascertain what useful satellite and/

or space missions may ix. accomplished with the SNAP 2,

8, and 10 power systems within the 1960 to 1970 time pe-

riod, to delineate useful satellite and/or space missions

which wouht most profitably employ nuclear power sources,

to ascertain what restrictions are imposed on various pay-

loads as a result of having a nuclear power system on

board, aml to investigate the general vehicle Integration

and installation requirements of the SNAP 2 and 10 power

units, Space flight programs, characteristics and limits-

lions of SNAP, applications of nuclear power supplies, de-

sign integration, and system integration are discussed.

_._.C.G.) _'_ ,_

255 iFTD-TT-62-226) EXAMPLES OF THERMO-

ELECTRIC DEVICES (CHAPTER IV). A. F. loffe. Trans-

lation of p.126-53 {Chapter I'¢'#of":JPoluprovodnlkovye

Termoelementy" (a publication of the Publishing llouse of

Military Literature. Academy of Sciences, 13SSR0 Moscow,

1960). 32p.
Discussions are included on thermoelectric generators0

thermoelectric refrigerators, heating and airconditloning,

measurement of heat flows and radiant fluxes, aspects of

crystahization, and high-temperature thermoelementI.

2566 (WCAP-181S(VoI.I)(Del.)) DESIGN STUDY OF

PORTABLE THERMOELECTRIC NUCLEAR SYSTEMS.

L. ChaJson. A, R. De!Campo, H. B. Kellogg, et al. (Wes-

tinghouse Electric Corp. Atomic Power Dept., Pittsburgh).

July 1961. Contract AT(30-I)-2176. 199p.

Design studies were performed and costs were estimated

for an air transportable, 10 Mw(t), pressurized light water

thermal clrculatton reactor, combined with a direct con-

version thermoelectric generator and static electrical in-

version equipment. This "TCR-TE" concept appears to

have potential for ultimate use as a remote unmanned

power station. Based on an extrapolation of present reac-

tor technology and on assumed thermoelectric materials

properties forecasted to January 1, 1963, a net a-c electri-

cal output of 315 Kw Is estimated, assuming the use of

80"F local water for cooling purposes. An alternate con-

cept using 80"F air for cooling produces 271 Kw, net.

These electrical output figures can be improved slgnffl-

cantly through a recommended research and development

effort. The design and construction of a prototype plant Is

also recommended. (auth) .N._ _ {p C/

22159 THERMOELECTRIC POWER GENERATION.
P.J.Bateman.

Contemporary Physics (GB), Vol. 2, No. 4, 302-II (April, 1961).

Using existing semiconductor materials, it should be possible

to produce thermoelectric generators with efflciencies of about 14_.
Despite future improvement in material properties it appears un-

likely that an efficiency greater than 40_7 of that of the Carnot cycle
can be obtained. This renders thermoelectric devices unsuitable

for the large scale production of electric power, and limits their

usefulness to certain specialized applications where a suitable heat

source and sink are ax'ailable. When this is the case a generator
which would have a power-to-weight ratio comparable with that of

conventional small d.c. power sources seems feasible, fd ¢'_

"2S74 (WCAP-1818iVoI,II)(Del.)) DESIGN STUDY

OF PORTABLE THERMOELECTRIC NUCLEAR SYSTFMS.

L. Chajson, A. R. DeICampo. H. B. Kellogg, et al. (Wes-

tinghouse Electric Corp. Atomic Power Dept.. Pitts-

burghL July 1961. Contract AT(30-1)-2176. 170p.

The design of a thermal circulation reactor with ther-

moelectric elementS is considered. Topics covered in-

clude: recommended research and development programs,

cost analysis, alternate concepts considered, generator

control considerations, thermal and hydraulic analysis,

thermoelectric performance calculations, possible design

improvements and advancements, procedure use for reac-

tor core thermal and hydraulic calculations, and thermo-
electric material properties and technology. {M.C._c_,_q

11986 (NAA-SR-6307) THE SNAP II POWER (X}N-

VERSION SYSTEM TOPICAL REPORT NO. IS. CRU DE-

SIGN AND DEVELOPMENT. (TAPCO. Div. of Thompson

Ramo Wooldridge Inc.,Cleveland). July 1961. For

Atomics International. Div. of North American Aviation,

Inc., Canoga Park, Calif. Contract AT-11°I-GEN-8,

Subcontract N 843 FS-101221. I03p. (TRW-ER-4108)

SNAP 11 is the designation for a 3-kw nuclear auxiliary

power unit to be used in a satellite vehicle. This system

consists of a reactor heat source, a mercury Rankin#

engine and an alternator. The alternator, mercury pump,

turbine, and reactor coolant pump are mounted on • com-

mon shaR supported by mercury lubricated bearings. De*

sign details and test results concerning the combined I

rotating unit (CRU) development are described. (auth)_t_{#
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V22277 (TID-18323) RADIOISOTOPE-FUELED POWER

SUPPLIES. Lecture Presented at University of California,

Los Angeles, California, UCLA Short Course, Space Power

Systems, July 17o28, 1961. J.G. Morse (Martin Co,,

Baltimore). 133p. ContractAT(30-3)-217. 133p.

Considerations that permit selection of a radioisotope

that meets the complex requirements of the desired power

supply are discussed. Methods of separation and purifica-

tion of useful isotopes are outlined. Brief mention is made

of the principles of direct conversion of heat to electricity.
Design approaches for isotopic power units are described.

A delineation of the approach to the solution of the nuclear

safety problem is made, followed by predictions for the

future of isotopic power. Sample problems of the type

solved .,_- the SNAP program are given. _,.,.C.G.,t_' _ N_)Iq"̂ '/$"_*?

7643 (MND-P-3016-1) SNAP RADIOISOTOPE

SPACE PROGRAMS. Quarterly Progress Report No. 8,

Task 7, July I through September 30, 1961. (Martin Co,

Nuclear Div., Baltimore). Contract AT(30-3}-217. 50p.

Activities in a program devoted to the safety evaluation

of isotopic power systems in space applications are re-

ported. In the study of upper atmosphere re-entry, flare

and telemetry test capsules were completed for scheduled

re-entry tests. The altitude of re-entry burn-through for

all phase I and II test capsules and nose cone-vehicle-pod

relative position data were determined. These data were

used in determining the optimum position_, and headings
for the optical and optical-telemetry aircraft. A 100-1b

test pod containing simulated SNAP 3 fuel cores was shot

into space in &fly 1961. Two of these were flare capsules

containir_ Na and K, and one was a telemetry capsule con-

taining a transmitter. The flares were sighted and a telem-

etry signal was received in this test. The high altitude

diffusion and dispersion study was concluded with tim

writing of equations for turbulence-induced cloud growth,

wind-induced translational motion and gravity-induced

vertical motion. Results of the program for predicting fuel

particle size as a function of initial size and re-entry

velocity and altitude are included. Work on the radioiso-

tope shielding code was continued. (J.R.D.) /_ t{#_

uW --

37_60 (TID-19333) TIlE CESIUM-137 POWER PRO-

GRAM. Quarterly Report No. 2. (Royal Research Corp.,

Hayward, Calif.). July 31, 1961. Contract AT(04-3)-36G.
8_. (RRC-OI01)

Research on cesium-137 power is described. Basic com-

ponents are clarified, using criteria of safety, reliability,

and longevity. It is found that a generator fueled with

cesium-137 can be constructed to operate at a continuous
power level of 5.watts and 12 volts in a sub-sea environ-

ment of great depth. Moreover, the generator may be

easily transported to its destination because of its com-

pactness and light weight. A cesium polyglasa fuel form

Is developed into which a maximum of 43 per cent elemen-

tal cesium may be safely incorporated. Conversion of the

raw fission product '_nto a compound form suitable for

firing is accomplished, proving that a s,ngle ion exchange

column can achieve the desired results. Extraneous con-

tamlnants are entrained upon the column and the resulting

product is elementally pure. Samples of cesium polyglass

containing cesium-137 tracer are subjected to distilled

and natural sea water solubility testing. Data indicate a

decreasing rate of dissolution to less than 1 ppm per week,

after 45 days of immersion at elevated temperatures. In-

vestigation of heat transfer properties inherent to cesium-
137 fuel results in the formulation of a thermal barrier of

such excellence that only 21 thermal watts are expended in

providing the required 500"C "hot shoe" temperature. The

final configuration is a composite consisting of conductive

and radiant heat barriers. Tests are conducted In an aque-

ous medium to 0"C as well as in ambient air. Approxi-

mately 1.9 !n. of tungsten should be required to shield the

source. The general configuration of the 5-watt device ts

determined and conceptual drawings made. (auth) ,1¢3_ f_--2.)

1684 (MND-P-2640) INSTRUCTION MANUAL--

SNAP-7C ELECTRIC GENERATION SYSTEM. [E. Blazek|

{Martin Co. Nuclear Die., Baltimore). Oct. 1, 1961. Con-

tract AT(30-3)-217. 60p.

A description of SNAP-7C isotope-fueled electric gen-

eration system is presented. The operational limits and

transportation, handling, installation, and adjustment

procedures are described. Maintenance instructions and fi_

fmergency and safety precautions are included. (M.C.G.} '{,3

31766 (TID-17004) TttE CESIUM-137 POWER PRO-

GRAM. Quarterly Report No. 3. (Royal Research Corp.,

Hayward, Calif.). Oct. 31, i961. Contract AT(04-3)-366.

100p. (RRC-0102)

Progress made in the development of the Cs Oy fueled

thermoelectric generator for marine power applications Is

reported. Information is given on thermoelectric gener_tor

design, shielding, power conversion system, hazards ev,-lu-

• at(on, fuel clement forming and cladding, fabrication, and

heat transfer. Cs t3T energy calculations are presented

al_ng with _h_.-'!,'!ing ca!eu!at!.-.ns. The development and

fabrication of cesium ix_lyglass for fuel application arc ln-

/61uded.(N.W.R.) _.B '_ ._
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4356 (.MND-P-24S:|-4) SNAP 7 PYt(X_IL.%.M: TASK

-+--STRONTIUM o90 FI'EI.EI) "FIIF;IIM()EI.t;CTIIIC GENo

ERATOR I)EVELOI'MF:NT. Quarh.rly Progress Report

No. 4, August 1, 1961-O_.to1_,r 31, 1961. W.S. West

IM,irtin-M:lrietta Corp. AeroslJatT l)iv., l_lltimorc).

'ontract AT(30-3)-217. 10_qp.

Pr,_gress during the period lncludt-s COml)letion of the

SNAP 7C system tests, completion of safety analysis for

the SNAP 7A and C syst(,ms, assembly and initial testing

of SNAP 7A, assembly of a m(_lified reliability model, and

assembly o[ a 10-W _.'nerator. Other activities include

coml)letion of thermal and safety analyses for SNAP 7B

d D generators and fuel processing for these generators.

a.v.) _.A '___

4353 (AFSWC-TDR-61-99) NAP-100 TItERMOELECo

TRIC GENERATOR REPORT. G. Spira and T. M. Corry

(Westinghouse Electric Corp. New Products Lab•., Chc•-

wick, Penna.). Nov. 1961. Contract AF30(602)-1875. 38p.
(AD-274280)

The development and performance are presented of a

100-w isotopic fuel, thermoelect tic generator designated

NAP-100 {Nuclear Auxiliary Power). The generator unit

was treated as an integrated system to minimize size and

weight without undue sacrifice in efficiency. The 3 basic

elements of the generator are: (1) the cold side convective

heat exchanger, (2) the thermoelectric couple assembly,

and (3) the heat source (an electrical heater which simu-

lated the thermal performance of the nuclear heat source

was designed and delivered with the generator). (auth_#_ ,_

13679 {NAA-SR-6305) THE SNAP IIPOWER CON-

VERSION SYSTEM. ORBITAL FORCE FIELD BOILING

AND CONDENSING EXPERIMENTS (OFFBACE). Topical

Report No. 13. C.T. Jaenke, Alfred Koestel, and John G.

Rettz (TAPCO. Day. of Thompson Ramo Wooldridge Inc.,

Cleveland). Nov. 1961. For Atomics International, Day. of

North American Aviation, Inc., Canoga Fark, Calif. Con-

tract [AT{II-1)-Gen-8J; Subcontract N843FS-101221. 153p.
(ER-4670)

Boiling and condensing experiments under zero gravity

conditions were conducted to investigate the operation of a

mercury Rankine cycle power system similar to SNAP I

and SNAP lI design•. A detailed analysis of the phenomena

involved in condensing under various gravity conditions i•

included. Empirical correlation• based on mercury con-

denser pressure drop data were developed and further in-

terracial stability tests were made. (J.R.D.) _4 .¢)_ { IS

• 9689 (TID-15222) HIGII ACCELERATION FIELD

HEAT TRANSFER FOR AUXILIARy SPACE NUCLEAR

POWER SYSTEMS. Quarterly Technical Report, Septem-

ber I through November 30, 1961. H. F. Poppendiek,

N. D. Greene, and H. G. R_ghes (Geoscience Ltd., Solaria

Beach, Calif.). Contract AT(04-3)-409. 31p. (GLR-6)

Research results on liquid metal heat and momentum

transfer are presented. A review and summary are pre-

sented of previously obtained data on liquid metal non-

boiling and boiling heat transfer and non-boiling momentum
transfer. A co.--vective heat transfer solution is described

which can be used to predict heat transfer in liquid metals

flowing turbulently in channels and longitudinally past fuel

rods in reactor cores prior to the initiation of boiling.

Several mathematical two-phase flow models arc analyzed
and the solutions evaluated; the results e_,_ _ used to

estimate pressure drop in boiling liquid metal flow sys-

tems under zero and artificial radial gravity conditions.

A design for an experimental, flow visualization my•tern

for the purpose of studying two-phase flow phenomena

under centrifugal fields is presented. The preliminary

design of an Hg heat transfer system In which boiling and
condensation mechanism• are to be studied is also re-

i%'iewed. (auth) _'_ I_t _

AD-282 21] Dew. 7

(TISTP/FR) OTS price ll.50

Gener•l Atomic Dlv., Gener•l Dynamics Corp..
Sis Diego. Celif.
FLAT-PLATE SOLAR THERMOELECTRIC CONVERSION
PANELS.

Final rept., Nov 6S-Dec 61,
by Arthur N. Himle. Daniel S. Brush and others.

May 62, 47p. Incl. Illus. tables. 3 refs.
Contract AF 33(616)7676, ProJ. 8173)
ASD TDR 62-214) Unclassified report

DESCRIPTORS: eTherm•electricity. _Power
supplies, ISsndwlch panels. Alum!num, Lead
compounds. Tellurfdes. Zinc compounds. Anti-

monides. Solar energy.

Procedures were developed for constructing i

lightweight solar energy converter, using thermo-
electric materials sandwiched between flat sheets

_f aluminum. Two panels, each one foot squire.
have been delivered to the Flight Acee=aoriea
Laboratory, Aeronautical Systems Division. Each
panel contains 153 n-type PbTe elements a•d

153 p-type ZnSb elements, arranged in eighteen
slt_rnating rows of seventeen elements each.
According to measurements m_de on test panels

constructed in • similar fashion, the delivered
panels are capable of in output of •t least 1.3)
w/sq ft when subjected to in incident energy of

1400 w/sq m, which Is equal to the solar energy
intensity at the Earth,s distance from the sun.

At this output, the solar panel weighs 96 pounds
per electrical kilowatt. The observed ouput Is
lower than is cslculsted from the properties of

the materials used; however, it is anticipated
that improved performance can be obtained In

future panels. (Author) /_._.,..

_melrne_" of thl-.rmoe]-et[ie o_v!Icl_ll.,lll"il, i t,lll n"
_"Gro.q.q. blblloe Am a • n_.s ,_,.J ......

Sun-powered electric plant for underdeveloped
are:is; thermoelectric power plant. Westing-
house I'_liff 21:195-6 IN '61



THE PERFORMANCE OF A CONVECTIVELY COOLED
7754

THERMOELEMENT USED FOR POWER GENERATION.

N.Rollinger and J.E.Sunderland.

Solld-State Electronics (GB), Vol.3, No. 3-4, 268-77 (Nov.-Dec., 1961).

The dilferenttal equations which describe the steady-state tem-

perature distribution in a thermoelement with constant properties
and with convective he_t transfer from its longitudinalsurface are

presented and solved by analytical methods. The closed-form analy-

tical solutions are applied to a single-element thermoelectric

generator to determine the effect of surface heat transfer upon the

power output and efficiency o_r a range of values for the heat-

transfer paramcters. The results show that in all cases'the surface

heat transfer increased the power output under matched load con-

ditions; in many cases beth the power outpOt and the thermal efficienc_

were increased through the use of surface heat transfer. The conclu-

sion is drawn that surface heat transfer can be beneficlalin many

applications, especially in cases where maximum pOwer output is

of primary importance, or in cases where the cold-junction fin area

is greatly restricted by weight, Sl;Jce,or cost considerations.

_J 9235 THERMOELECTRIC GENERATION.
D.A.Wright.

Direct Current (GB), Vol. 6, No. 9, 275-7 (Dec., 1961).

A figure of merit, that combines the electrical and thermal

conductivity and the Seebeck coefficient, is used to classify
materials from the point of view of thermoelectric applications.

Semiconductors in general, and bismuth and lead-tellurides in
particular, are discussed. The reduction in the f!gure of merit of
semiconductors, caused by increasing temperatures changing them

from extrinsic to intrinsic, is reviewed; gen_'al data on efficiency
are given. Molten semiconductors and materials with refractory

properties are mentioned for high temperature work. Compact-
ness and silence and freedom from moving parts are some of the
important ones among the attractive features of thermoelectric

generation. Direct conversion of heat from nuclear reactors is of
interest, in-pile use is discussed. J.R.M.Szogyen

EEA z.-

THE INITIAL BEHAVIOR OF A THERMOELECTRIC

9242 GENERATOR. F.G.Stremler and P.E.Gray.

Trans _mer. Inst. Elect. Engrs I,Vol.80, 367-72 (1961) = Commun.

and Electronics, No. 56 (Sept., 1961).

The results of the solution to the nonlinear problem of pre-

dicting the start-up output transients of the thermoelectric

generator under load prove to be quite valid when the solution is

obtained in a perturbative manner. At the outset a number of

simplifying assumptions have to be introduced and convenient

notations and normalizing factors chosen to yield a tractlblesolu-

tion. A first solution is worked out for zero temperature distritm-

tion in a thermoelectric generator consisting of one p-type semi-

conductor; Thomson coefficients T = O are implied. Itis found that

the convergence a[ such a perturbation process is directlyrelated

to the device efficiency. Since efficiency is low for the materials

in present use, one perturbation is sufficientfor the practiced case.

Accuracy of the method also dcpends to a great deal on a parameter

c which represents the totalspecific heat of the hot Junction

connecting strap, normalized to the specific heat of the elements.

With an identical perturbation method the effect of load on the

Lra*_sient behaviour a! the device is described; the steady state

operating point is lower and the settling time is less. Comparison

of calculated values and experimental results for a bismuth°

telluride p-n junction showed good agreement for a measured

value of c = 0-304. 13 references. M.F.A.WessellnI



7755 THERMOELECTRICITY APPLICATION CONSIDERA-
T ION.q. A.A.Sorensen.

Trans Amer. Inst. Elect EngrS. n, Vol. 80, 285-9 (1961) : Applic.
and lndustr., No. 57 (Nov., 1961).

Discusses general design data and enumerates the required

characteristics of high electrical output, low thermal conductivity,

stabilityand adaptability t_ production processes for the metals or

alloys used for thermopile construction. With lead-tellurlde as an

example graphs are given of Seebeck e.m.f, and resistivityversus

temperature. Technological problems as well as weight and heat

transfer or cooling considerations are examined. Temperature

limitations of the heat source, electrodes, seals, support materials

and electrical and thermal insulation strongly influence the overall

design of a power conversion system. Typical applications are given

for space, terrestrial and marine installations with their power

ratings, specific lhnltatlons and efficiency. M.F.A.Wesseling

ELECTRIC ANALOG OF TRANSPORT PHENOMENA
6892

iN A THERMOELECTRIC GENERATOR. M.E.Talaat.

Trans Amer. Inst. Elect. Engrs I,Vol. 80, 427-31 {1961) = Commun.

_nd Electronics, No. 56 (Sept., 1981).

The basic principles of tl,crmoelectrlc transport phenomena and

those of heat transfer are used to derive an electric circuit analogue

of an arm of a thermoelectric couple where the thermal conductances

are represented by electric conductances, and where the rates of input

heat (Peltier, Joule, and Thomson heat) and the electric power output

are represented by current sources. The equivalent thermal circuit

is shown to satisfy the transport equations of one of the arms of a

thermoelectric couple. The basic equivalent thermal circuit of an arm

of a thermoelectric couple is next applied to the derivation of an over-

all thermal equivalent circuit of a typical Isotope-fueled thermoelecirlt

generator. The electric analcgue of the entire system enables the

designer to determine the over-all efficiency of the thermoelectric

generator as well as its temperature distribution, and to setthe pro-

blem on the analogue or digital computer and vary the different para-

meters of the circuit to optlmtz_ the over-all design, fl_
,d.

Note on Thermoelectric Po_r and Inelastic Scattering. A.M.

GUENAULT, D.K.C.MacDONALD. Philosophical Mag v 6 n 70 Oct
1961 p 1201-6. It has been proposed that spin-dependent scatter-
lng of electrons by magnetic Impurity ions would provide mechan-
ism to account for "giant" thermoelectric po_rs observed In
certain dilute alloys at very low temperatures; simplified model
is discussed which indicates directly that essential rPquirement
is that of 2 largely independent groups of conduction electrons

whose moJilities are significantly different. _-_ 6 "2-.-

Thermoelectricity Application Considerations, A.A.SORENSEN.
AIEE--Trans v 80 pt 2 (Applications & Industry) n 57 Nov 1961
p 285-9. Engineering design of thermoelectric devices for power
generation; thermoele_'trlc materials; space, terrestrial andmarlne

auulicattons of thermoelectric devices. Paper 60-1066. _j_ _..-

Optimai'nye rabochie tochki na voUtampernoi kharaktertstike
termoelektronnogo preobrazovatelya encrgil. LA.REZGOL, Radio-
tekhn_a i Elektronika v 6 n 11 Nov 1961 p 1906-13;see also
English translation in Radio Eng & Electronic Physics (pub by
AIEEI v 6 n II Nov 1961 p 1699-1705. Optimum operating points

on v-amp characteristic of thermoelectric converter; theoretical
investigation of vacuum thermocouple with compensation of elec-

tron space charge; equations for connection between resistance
of "matched" load and Internal resistance of device under 2 optimal
conditions. _._ _?.._

]Reliability factors in thermoelectric generator
design, l_t. It. Seiler and T. S. Shlllida¥.
diag Inst ]Radio Eng Pro<: 49:1952-3 D
'61

Thermoelectric Generators with Surface Heat Loss, H.B.NOT-
TAGE. P.S.STARRETT, P.L.WINSKELL. ASME--Paper 61-WA-46
for meeting Nov 26-Dec 1 1961 12 p. Influence of surface heat
loss Istreated analyticallyfor unidimensionalthermoelectrlc energy

converters; conditions axe formulated whereby gain inthermoele¢-

tric generator system efficiencycan result from tra.nsferof heat

from thermoelectric conductors to convecting fluid;influencesof
surface heat loss are discussed and demonstrated upon longitudl-

nat temperature distribution and source and sink heat conduction
rates. _.._'d7.-

Thermoelectric Power Supplies, M. FRASER, J.SHIELDS. AEI Eng
v 1 n 12 Dec 1961 p 452-8. Potentialities of using Seebeck effect,
reviewed on background of investigation of semiconductor thermo-
couples carried out in AEi Research Laboratory st Rugby. _..._

Foot-square 'thermoelec.Lric_.s°urce_ Fenerat_ s
throg-houso pow'er. I,t_nille /J_31g|l 00. U

D "/ '61
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THE PEIIFORMANCE OF A CONW'C'rWEi,Y COOLED

%/ 11609 THERMOELEMENT USED FOR POWER GENERATION.

C.N.Rollhlger and J.E.Sunderland.

Solld-State Electronics (GB), Vol. 3, No. 3-4, 268-77 (Nov.-Dec.,

1961).

The differential equations which describe the steady-state

temperature distribution in a thermoclcment with constant proper °
ties and with convective heat transfer from its longitudinal surface

are presented and solved by analytical methods. The closed-form

0 analytical solutions are applied to a single-element thermoelectric

generator to determine the effect of surface heat transfer upon the

t_wer .utput and efficiency over a range of values for the heat-

transfer p.trameters. The results show that in all eases the

surface heat transfer increased the power output under matched

load conditions; In man v cases both the power output and the thermal

efficiency were increased through the use of surface heat transfer.

The conclusion is drawn that surface heat transfer can be beneficial

in many applications, especially in cases where maximum power

output is of primary importance, or in eases where the cold °

jut:ctton fin area ts greatly restricted by weight, space or cost

considerations. _/_ _a "_

UNCLASSIFIED

110594 FLAT-PLATE SOLAR THERHOELECTRIC CO_JERSION PANELS

(Period covered: November 1960-December 1961)

Himle, Arthur N.; Brush, Daniel S. (el al)

May 1962 Unclasslfled

General Atomic (R-GA-2823)

AF 33(616) 7676 (Air Force Dept.

Final Report ASl)-TDR-62-214)

Procedures have been developed for the construction of a

lightweight solar energy converter, using thermoelectric materials

sandwiched betweet, flat sheets of aluminum. Each panel contains
153 n-type PbTe elements and 153 p-type ZnSb elements, arranged in

eighteen alternating rows of seventeen elements each. According

to measurements made on test panels constructed in a similar fashlo_,

the delivered nadels are capable of an output of at least 1.33 w/ft z

when subjected to an incident energy of 1400 w/m 2, which is equal to

the solar energy intensity at the Earth's distance from the sun. At

this output, the solar panel weighs 96 pounds per electrical kilowatt.

Space power systems

Solar energy devices UNCLASSIFIED

Solar panels

Cesium-137 Thermoelectric Generator. H.O.BANKS.Jr. W.W.

T.CIRANE. IRE--Trans on Military Electronics v MIL-6 n 1 Jan

1962 p 98-102. Equipment designed to supply power for under-

sea seismic station; cesium generator incorporates external shell

that will withstand compressive forces at greatest ocean depths.

and power conversion system employing lead-telluride thermo-

couples mounted on printed circuit board; combination radia-

tion shield and heat sink. surrounded by special complex o! ther-

mal reflectors and compacted insulation, utilizes practically all

of decay heat. _..I_- (e

Problem Areas and Operating Experiences wlth Thermoelectr|o

Equipment, A.i_NIELD, Jr. SAE--Paper 463C for meeting Jan 8-

12 1962 II p; see also SAE--J v 70 n 2 Feb 1962 p 4|-5. Efforts

made by U S Naval Eng Experiment Station in developing generator

converting heat directly to electrlclty$ possible appllcaUotm| ttsed

reversible thermoelectric power phenomenon for refrigeration or

air condltlonlng; temperature dependent materials ps rameters which
affect conversion efficiency of thermoelectric material are See-

beck coefficient, thermalcondu?!vl_0 sndei_trical reststance._'j_]

THERMOELECTRIC GENERATOR DESIGN,

_/' 11605 pEIRFORMANCE, AND APPLICATION.

T.M.Corry and G.Splra.

IRE Trans Military Electronics (USA), Vol. MIL-6, No. I, 34-40

(Ja.., 196Z). iP _ t _'_

Thermoelectric Generator Design, Performance, and Applica-

tion. T.M. CORRY, G.SPIRA. lRE--Trans on Military Electronics

v MIL-6 n 1 Jan 1962 p 34-40. Deslgnprocedure for free con-

vection sir cooled generators; performance of power thermo-

c-_,aples as function of Junction temperature; effects of varying
thermocouple length on generator efficiency and specific power;

methods of predicting generator performance for thermoelectric

materials of equal figures of merit but different values of ther-

mal conductivity. C _ (_'_
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1724 TilE CESIUM-t37 TIIERMOI':I,ECTRIC GENER-

ATOR. !!. O. Banks, Jr. and W. W. T. Crane (Royal Re-

search Corp., llayward, Calif.). fife (Inst. Radio Engrs.).

Trans. Military Electron., MIL-6: 98-102(Jan. 1962).

Designed for the initial application of supplying power for

an under-sea seismic station to be supervised by Lamont

Geological Observatory researchers, this cerium generator

incorporates an external shell that will withstand compres-

sive forces at the greatest of ocean depths :rod a power-

conversion system employing lead-tclluride thcrmocouples

mounted on a printed circuit board. A combination radiation

shield and heat sink, surrounded by a st_zcial complex of

thermal reflectors and compacted insulation, utilizes prac-

tically all of the decay heat. A very high degree of safety

from radioactivity is assured, due to double encapsulation

of fuel increments, an ultrastrong radiation shield for con-

tainment of the latter, and an external shell that will with-

stand 16,000 psi pressure. (auth) 1'_/¢o _ { {¢'_

"5638 (AFCRL-62-148) OPTIMUM I_IPURFry CON-

CENTRATION IN SEMICONDUCTOR THERMOELE.MEN'I_.

Scientific Report No. 6. Jose M. Borrego-Larralde (Massa°

ehusetts Inst. of Teeh., Cambridge. Energy Conversion and

Semiconductor Lab.). Jan. 15, 1962. Contract AF19|604}-

4153. 125p. (AD-275052)

Research was carried out on the problem of obtaining the

maximum efficiency of a thermoelectric generator. Expres-

Sions for the optimum current and m_imum efficiency

were obtained for the ease of temperature-dependent param-

eters by using a first-order approximate solution to the

heat-conduction equation. A figure of merit Is defined for

the ease of temperature-dependent parameters. Equations

were derived for the optimum carrier concentration, which

yield a stationary value for the figure of merit. Conditions
that are mathematically sufficient were obtained for the sta-

tionary value to be a maximum. Solutions of the equations

for the optimum carrier concentrations are given for a non-
degenerate extrinsic semiconductor. It was assumed that

the lattice thermal conductivity and the carrier mobility

were indepe.'xlent of the carrier concentration. The maxi-

mum figures of merit for both constant and variable carrier

concentrations were compared. (auth) _ ._/:_ I (e ._

1717 PItOGI{ESS IN TItEKMOELECTRICITY. Paul It.

Egii (Naval ltescarch Lab., Washington, D.C.). IRE (Inst.

Radio Engrs.), "l'rans. Military Electron., MIL°6:27-34
(Jan. 1962).

Of the several processes l)y _hich heat is directly trans-

formed to useful electric power, thcrmoclectricity offers

unique advantages for several areas of application. The ab-

sence of moving parts and the simplicity promise high re|t-

•ability, silence, and long-lived, maintenance-free operation

both as a po_er source and as a heat pump for refrigeration

and temperature control. A substaotia! effort devoted to

material_ development has pr(MucLM t_ew semiconductors

_:ith an integrated theoretical efficiency cf ._.bout 20 per

cent. Further progress in materials development is needed

to achieve major goals in both military and commercial ap-

plications, but important uses can already be visualized.

Small po_er plai_ts for remote area_ and auxiliary power

supplies for space vehicles are awaiting engineering im-

provements, some of which again require improved mato-

rials for use as electrical contacts and electrical and ther-

mal insulators. Similarly in refrigeration, important

military applications and special commerei=l de;'icc_ can

be produced with existing thermoelectric materials when

gineering problems and the auxiliary materials problems
e solved. (auth) _ 5tl ¢fw_

71,969 TIIERMOELECTRIC GENERATORS AND

MATERIALS: RADIATION EFFECTS, RELIABILITY,

LIFETIME, AND FAILURE. AN ANNOTATED
BIBLIOGRAPHY

Crazlano_ E.

January l_|

Lockheed Missies and ._pace Co., Sunnyvale. Calif.
SB-61-60

ASTIA AD-273,953

This literature search was conducted _ part of research on

the problems of using thermoelectric generators which would

directly convert heat from nuclear sources into electricity. The

purpose of the search was to bring to light any information

regarding reliability, lifetime, and mean time of failure of

thermoelectric generators and materials due to oxidation,

cracking, galvanic action, short circuits, radiation e_ects, and
sublimation.

9239 THERMOELECTRIC GENERATOR DESIGN,
PERFORMANCE, AND APPLICA'IiON.

T.M.Corry and G.Spira.

IRE Trans Military Electronics (USA), Vol. MIL-6, No. 1, 34-40
(Jan., 1962).

Many of the practical problems that are encountered la

building present-day generators are illustrated. A design proce*
dure for free convection air-cooled generators Is described. The

performance of power thermocouples as a function of Junction

temperature Is discussed and curves illustrating couple efficiency,
power output, heat flux and voltage as a function of hot J_ctton

temperature are shown. The effects of varying thermoe0upls
leng_-h on generator efficiency and generator specific power are
shown graphically and methods M predicting generator perform°

ance are illustrated for thermoelectric materials of equal

figures of merit but different values of thermal conductivity. The
paper also discusses free Convection heat exchangers and fossil-
fuel burners. The thermoelectric generator performance on a

W/lb basis is compared with battery- and gasoline-engine-driven

generator Performance for specific missions. _:_[_-,_

/ 9231 APPLICATIOI_ OF THERMO-ELECTRIC ELEMENTS.
Elektron. Rundschau (Germany), Vol. 16, No. I, 12

(Jan., 1962). In German.

Brief data describes thermo-electrtc generation of electrlcRy

from burning gas to provide 130 watts for fan drive, application in

domestic heating, generation from nuclear heat to provide 150 watt*
fro small unmanned radio and weather stati_ms, thermoelectric

generation in a natural gas well to prevent corrosion of steel
linings, 5000 watts generated from chemical heat, and 200 watts for

water pump drive, generated from sunlight. H.V.llarley
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/19670 (TID-15223) HIGIi ACCELERATION FIELD

HEAT TRANSFER FOR AUXILIARY SPACE NUCLEAR

POWER SYSTEMS. [19611. Quarterly Technical Report.

December I through February 28. 1962. H. F. Poppondiek.

N. D. Greene, H. G. Hughes. and C. M. Sabln (Geoscience

Ltd.. Solana Beach. Calif.). Contract AT(04-3)-409. 49p.

(GLR-8)

Research results on liquid metal heat and momentum

transfer are presented. A review and summary of boiling

heat transfer models found in the literature are presented;

nucleate pool and film boiling models are examined, and a

comparison of the various models is made. Several boiling

heat transfer analyses are outlined. One analysis con-

siders free convection film boiling from a vertical plate

and the other describes forced convection film boiling in •

pipe. Additional two-phase flow analyses conducted include

turbulent-viscous pipe flow, turbulent-turbulent pipe flow,

and viscous-viscous curvilinear channel flow. A number of

preli.,inary two-phase, curvilinear flow exlx'riments were

completed in pipes containing helical guides. Information

on flow patterns and phase separation was obtained using
air and water. The results of studies on the Mollier Dia-

grams and physical properties of llg and K are also in-

eluded. (auth) Ai,"_ / (C-_
#

80,693 INVESTIGATION OF PIIOTOEMISSION SOLAR

ENERGY CONVERTERS

SiaM, II. A., Peifcr, W. K. (RC,_ Lancasler, Pit.)

February 1962

Aeronautical Systems Division, Flight Accessories Lab.,

Wright-Patterson AFB, Ohlo

ASD TR 61-619

Photoemissive solar energy converters are investigated both

in theory and on a laboratory basis. Theory indicates that

with optimum surfaces and configuration, 3-percent el_eieney
is attainable, although the emciency actually attained was
only 0.1 percent. The program, however, does not demon-
strate that the 3-percent efficiency cannot be attained, but

that many fabrication problems still exist. Supporting research
was done on photoemitters for prolonged use under high light

intensity and on the development of low sheet resistance
emitters and collectors. Fabrication techniques were devel-
oped, and envelope materials were studied briefly.

Iligh Voltage Output with Oxide Thermoelectric Generators, R.
D.FENITY. Electronics v 35 n 5 Feb 2 1962p39-41. Ceramic

technology forms basis of thermoelectric generator described; gen-
erator is capable of producing 100 v in 20 cu in. package heated
to 2400 r. ¢--..r L--_

Sur un cffet de conversion directe de la chaleur en _lectrlelt6,
S.KLEIN. Acad des Sclenees--Cit v 254 n 11 Mar 12 1962 p 1946-7.
One of effects of direct conversion of heat into electricity; it is
advanced that end' is originated from formation of cold gaseous
layer around cold electrode; experimental measurements of elec-

tron teml_<.raturc and electron conductivity in close vicinity of
this cold wall; results seem to confirm advanced hypothesis.

_':r '_

All-Ceramic Thermoelectric Generator. G.L.VINCENT. Cer
Industry v 78 n 3 Mar 1962 p 52-4. Mlrmeapolls-Honeyv_ll 100-

v unit for U S Army Plcatlnsy Arsenal program uses high alumina

substrates and separators coated _qth platinum and lithia doped
nickel oxide; spiral cut, scored with diamond, forms continuous

series of Junctions for developing voltages; It can operate at 2400 --
F; waste heat from rocket engine exhausts and re-entry nose cone
heating, nuclear energy, and industrial ceramic heat sources

could be used; diagram. _.1._ f(¢¢_..

l_asle solar thermoelectric power unit. R.
l,,'tn_r and IL T. Lublu. 11 Aerospace Enl[
21:6-15 Iv '61 .... !-

All-ceramic therh_l_ctrle _enerator. GL
Vi.ncent il Cer Ind 78:52-4 Mr '611

A,_ ,t-r-_,gx.

CELL AND THERMOELECTRIC EFFECTS OF
,11598 TANTALUM ELECTROLYTIC CAPACITORS.

J.M.Law and W.C.Richards.
j. Electrochem. Soc. (USA), Vol. 109, No. 3,215-21 (March, 1962).

AvoRage is normally present across the terminals of
electrically isolate,.; electrolytic tantalum capacitors. The

magnitude, cause, and source impedance of this voltage were

investigated. Wet-electrolyte units generate a small, high-
impedance, cell e.m .f. between the tantalum anode and the silver
case. This e.m.f, increases with film thickness to a maximum of

3 V at elevated temperatures. Solid-electrolyte units generate •

• mall, high-impedance e.m.f., apparently thermoelectrtcallY,
normally not exceeding a few millivoltn, but on some units, reaching
a few hundred mlUtvolts. Larger voltages are generally due to •

residual charge from previous electrification, either from • slow

decay rate or from dielectric hysteresis. _/_ _'_"" 139



11300 (ASD-TDR-62-214) FLAT-PLATE SOLAR

THERMOELECTRIC CONVERSION PANELS. Final Re-

port. Arthur N. Himle, Daniel S. Brush, John B. Roes,

and Edward L. Brady (General Atomic Die. General

Dynamics Corp., San Diego, Calif.). Mar. 19, 1962. Con-

tract AF33(616)-7676. 47p.

Procedures were developed for the construction of a

lightweight solar energy converter, using thermoelectric

mater',a!.-, sandwiched between flat sheets of aluminum.

Two panels, each one foot square, were delivered to the

Flight Accessories Laboratory, Aeronautical Systems

Division. Each panel contains 153 n-type PbTe elements

and 153 p-type ZnSb elements, arranged in eighteen

alternating rows of seventeen elements each. According

to measurements made on test panels constructed in •

similar fashion, the delivered panels are capable of an

output of at least 1.33 w/it _ _,he_ _,_h_e,-ted to an incident

er_rgy of 1400 w/m t, which is eq'J_l to the solar energy

intensity at the Earth's distance from the sun. At this

output, the solar panel weighs 96 pounds per electrical

kilowatt. The observed output is lower than is calculated

from the properties of the materials used; however, it is

anticipated that improved performance can be obtained In

future panels. (auth) _ ,¢__ l_ _'_

12752 {ASD-TDR-62-94) SOLAR THERMIONIC

ELECTRICAL POWER SYSTEM. D. L. Cuthbert, D. L

Purdy, E. W. Williams, J. A. Ruff,D. L. Kerr, W. G.

Flanigan, R. Luck, Jr., D. Jones, and E. Baum (General

Electric Co. Missile and Space Vehicle Dept., Philadel-

phia). Mar. 1962. Contract AF33(616)-7008. 148p.
{AD-27_SSS}

Progress is reported on the design and development of •

solar thermlonlc electrical power system (STEPS). The

design objective was to size the system to generate 500

watts of electrical power in space when operating In •

simulated orbit over a 35-minute-dark, 55-minute-light

cycle. Vacuum t'hermlontc converters were used. The

system was to be ground-operated with the hardware as

close to flight type as possible. Details of the design, de-

velopment, fabrication, and performance of the system are
included. (autl0

12392 MAXIMUM EFFICIENCY OF A THERMOELECTRIC
GENERATOR, Yu.V.Mal'stev.

Inzhen. -fiz. Zh. (USSR), Vol. 5, No. 3, 113-17 (March, 1962), In
Russlaf_.

The conditions for obtaininglk,e highest efflcleacyof a thermo-
electric generator are given,

• c_:-c_%_-

17| | (WCA P- 1900(Add.)) TIIEIIMOE LECTRIc NU-

CLEAR FUEL ELEMENT. A_dendum to Final Report.

Joseph C. Danko (Westinghouse Electric Corp. Atomic

Power Dept., Pittsburgh). Mar. 30, 1962. Contract AT
(30-3)-500. 10p.

A twenty-couple fission-heated thermoelectric generator,

TE-5, was tested in t_c Westinghouse Testing Reactor.

The open circuit voltage, instantaneous closed circuit

voltage, steady state closed circuit voltage, Instantaneous

closed circuit current, and steady state closed circuit cur-

rent were monitored during the 23-day cycle. The Initial

power output was 110 watts (48 amps at 2.3 volts) at a

TH of 660 to 690°C and a T¢ of 130"C. After 23 days the

output was approximately one watt. (auth)

f4&38 (AD-274164) HIGH TEMPERATURE THER-

MOELECTRIC GENERATOR. Quarterly Progress Report

No. 2. January 1, 1962-March 30, 1962. C.M. Henderson

and R. G. Ault (Monsanto Research Corp. Dayton Labs.,

Ohio). Contract AF33(657)-7387. 50p.

The development Continued of a 5-watt laboratory ther-

moelectric generator capable of operating at a hot junction

temperature of 1200"C in a vacuum of 0.000Ol mm Hg.
Fourteen candidate junction materials were screened for

use with MCC 50 in the production of thermocouple

modtHes. Of these, C, Me, and W are being considered

for the end product generator. Three methods for fabri-

cating thermocouple modules with MCC 50 were studied

and a hot-pre_s/braze method selected for use in the

making of ;nodules for the end product. In sublimation

rate loss tests conducted for 500 hr at 1200"C at 0.0000|

to 0.000001 mm Hg, MCC 50 thermoelectric material lost

only 0.530/0 weight. The rate of sublimation loss appears to

decrease with time. Measurements of electrical proper-

ties of modules, before and after 100 hr tests at 1200"C,
indicate the end product generator can be operated well

beyond 1000 hrs, the design goal; Merit factors (Z) of

MCC 50, based On extrapolations of thermal conductivity
measurements from 1000*C, range from 0.0006 to 0.00l|

per degree at 1200 to 1500"C. A 4-module prototype gen-

erator unit was constructed and is being tested at 1200*C

In, vacuum.(auth) f0-_ l {,

Prospects zor Large-scale Inermoelectrlc POWer Generation,
K.H.SPRING, D.T.SWIFT-HOOK. Brlt J Applied Physics v 13 n 4
Apr 1962 p 159-67. It Is shown thatwlth conventional fuels thermo-

electric device, from economical point of view, can be used only
as "topping" device, i.e. which may enable top cycle tempera-
ture to be raised; for nuclear reactor In-pile generation, thermo-

electric material needs small neutron absorption, stability to

rad_tlon, a_ to be developedte at least ZT-2. _-_'_'b

Tl_er_n_ele'c't*rle"generator protects pipeline.
II Oil & Gas J 60:168 AD 2 "£2

A _-#TT '_9-

O vybore-optlmal'nogo rezhlma kaskadnogo termoelementa, B.

Ya.MOIZHES, A.V.PETROV, Y_.P.SIIISHKIN, L.A.KOLOMOET_,
Zhurnal Tekhniehcskoi Fizlkl v 32 n 4 Apr 1962 p 461-72; see also
English translation in Soviet Physics, Tech Physics v ? n 4 Oct 1962
p 336-43. Determination of optimum operating conditions for ¢as°

cade thermoelectric element; design of cascade thermoelectric gem-
erator in which various sections of branches are made of differ-

ent semiconductlng materials which are optimum for given tempera-



6890 PROSPECTS FOR LARGE-SCALE THERMOELECTRIC
POWER GENERATION. K.H.Spring and D.T.Swift-Hook.

Brit. J. appl: Phys., Vol. 13, No. 4, 159-67 (April, 1962).

A study is made of the possible application of thermoelectric

methods to large-scale gener_ion. It is show_i that conventional

methods of generation using steam plant are much more economic

over the temperature range usually associated with this plant. It is

further shown that this situation is likely to remain true, even if

foreseeable developments in thermoelectric materials (which are

discussed) are taken into account. There is no economic case for

using thermoelec',ric m_erials in a steam condenser to carry out

thermodynamic "tailing", but there is some prospect for "topping"

above temperatures now currently used in steam cycles. There is a

marginal possibility that, as nuclear and thermoelectric technologies

develop, direct in-pile thermoelectric generation could become

economic. _ L-r_' _o_

O vybore opttmal'nogo rezhima kaskadnogo termoelementa, B.
Ya.MOIZHES, A.V.PETROV0 Yu.P.SHISHKIN, LA.KOLOMOETS.

Zhurnal Tekhnicheskol Fizlki v 32 n 4 Apr 1962 p 461-72; see also

English translation in Soviet Physics, Tech Physics v 7 n 4 Oct 1962

p 336-43. Determination of opti::.mm operating conditions for cas-
cade thermoelectric element; designofcascade thermoelectric gen-

erator in which various sections of branches are made of differ-

ent semlconductlng materials whichareoptimum for giventempera-

tures. _/_ (_ 2-

Vllyanle ob'emnogo zaryada na nsgruzochnye k_arakter/stlk/

i eds [ermoelektronno_,o preobrazovatelya energ/l, A.A.OSTRO-

UKHOV. Zhurnal Tekhntcheskol Fizikt v 32 n 5 .May 1962 p 615-

25; see also English translation In SOviet Payslcs, Tech Physics

v 7 n 5 Nov 1962 p 445-53. Effect of space charge on load chara¢-

rteristlcs and emf of thermoelectric energy converter; equations

taking into account space chafF, ¢ in vacuum established for l-p;

relation between thermo-enff and cathode temperature calcdllatgd.

Modular SOlar Thcrmoelectric Generator (Some Design Criteria
and Experimental Results), R.LANG. SAE--Paper 515C for meet-

ing Apt 3-6 1962 10 p. Approach applied by United Alter:fit Corp

for solving design, manufacturing, and evaluation problems in de-

velopment of generator for interplanetary vehicles and satellites;

system consists of array of many l-v unit cells each lending It-

self to building block techniques to provide power outputs up to

3 kv; performance characteristics based on 100 hr of testing;
study of methods of maintaining alignment between array axis and

solar axis. ,.'./- (¢ a_ [

D]rec.t _zeneratlon of electricity; ab.qtraet,
l:l. C. l.tn_llev. ,Metal t'rog 81:178-80 My '62

Integrating Isot.opte Power Systems, R.T.CARPENTER, D.G.HAR-

VEY. Astronautics v 7 n 5 May 1962 p 30-1, 58-61. Isotopic power

system must be physically and mechanically integrated with space
vehicle structure and designed to withstand mechanical loads Im-

posed upon it. as part of payload, by launch vehicle; characteristics

which cause unique interface problems between isotopic power sup-

ply and payload are same characteristics allowing system to ful-

fill some missions that other power systems cannot; consideration

of electrical, thermal and radiative interface problems. r_D2:i[,-_

Nuclear Auxiliary Pow,_r Unit for Lunar Exploratton,-R:J.WIL-
SON. A.J.STREB, T.S.BUSTAHD. SAE--Paper 515A for meeting

Apt 3-6 1962 5 p. Radioisotope-fueled thermoelectric generator

is Ideally suited to nighttime power requirements of unmanned

soft lunar landing experiments; design of generator by Martin

Marietta Corp, producing 25 w of electric power and thermal en-
ergy for environmental cot_trol of electronic components; suffi-

cient curium-242 encapsulated provides operational life of 90-

120 days in 30 lb unit extending data gathertng cap_)lllty over

Conventional power supplies, c:'.T (_ _-

Dovlce u_o,q llne ffnq. Days |n protection:
thermo-eleetrle _onerator. il Pet Manage-
ment 34:274 My '68

I r-r-r ................. • _

Thermoelectric Generator Protects 6 Miles of Line. Pipe Line

Industry v 16 n 5 May 1962 p 73. Eight watt thermoelectric gener-
ator on Pennsylvania pipe line provides sufficient cathodic current

to protect 6 I/2 mi of buried, eo_ted 20 in. steel pipe line against
corrosion; ground bed Is abandoned parallel pipe line; generator

Is presently developing 1.3 amp of d-c at 2.4-v from burning of
3.9 cuft ot natural gas/hr; life expectancy of unit is over_12yr._

--. . ........ I_ 1L'- I_ JP '
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f
7642 (AD-276092) SOLAR TIIERMOELECTRIC GEN-

ERATOR SYSTEM CONCEPT AND FE _SIBILITY STUDY.

Quarterly Report No. I, February 15, 1962-May 15, 1962.

A. J. Krause, J. L. McCabria, and Dale A. Naumer (Wes-

tlnghouse Electric Corp., Lima, Ohio). May 15, 1962.

Contract AF33(657)-8089. 2"/p.

A sixty inch government surplus searchlight has been

modified for use as a collector concentrator. Problem

areas related to thermal energy storage have been brought

to light. Operating conditions and power output have been

defined through mathematical analysis. An increase in the

surface area of the radiator has lowered the operating tem-

perature and increased the expected power outpUt. A pre°

Umlnary system design has been initiated. Component test-

ling and completion of the system design are planned for the

nextquarter.(auth} I.'_#q't_,

.19691 {TID-16052) IIIGH ACCELERATION FIELD

IIEAT TRANSFER FOR AUXILIARY SPACE NUCLEAR

POWER SYSTEMS. Quarterly Technical Report, March l

through May 31, 1962. II. F. Poppendlek, N. D. Greene,

II. R, Wright° and A. S. Thompson (Geoscienee Ltd., Solana

Beach, Calif.}. Contract AT(04-3)-409. 27p. (GLR-9}

Research results on liquid metal heat and momentum

transfer are presented. A summary of the experimental

single- and two-phase {water and air) pressure drop meas-

urements in a single fluted helix Is presented; photo-

graphic descriptions of the geometrical characteriati_j

._f the two-phase flow are also given. The experimental

pressure drop results are compared with Martinelli's

correlation and the viscous-turbulent separated, two-

phase flow pressure drop solution presented In the pre-

vious quarterly report. Analytical studies are outlined for

the velocity decay of thin laminar and turbulent liquid lay-

ers in vortex motion in a circular pipe. The predictions

for slngle-phase flow are compared with experimental de-

cay measurements. Velocity decay solutions for the case

where gaseous films exist between the thin rotating liquid

layers and the stationary wall are also described. A ¢'e-

seription is given of the characteristics of the llg heat

transfer system whose components are being procured.

Equatlons were derived for void coefficients of reactivity

in bare. homogeneous, uniform reactors cooled by boiling

liquid metals. It is shown that for a boiling coolant having

a fixed ratio of absorption-to-scattering cross section,

there is a size of reactor above which the void coefficient

is positive and below which it is negative. (auth) N_IQ/_

Thermoelectric generators _ade "_vailable in
commercial line. il Elec ]_nz 81:379 _fY '62

9241 THERMO-ELECTRICAL ENGINEERING. " .........
A.O.Heaton.

Prec. Instn Elect. Engrs (GB), Paper 3867, pobl. May, 1962

(Vol. 109B, 223-32).
The engineer's interest In thermo-electrie phenomen• has in

the past been mainly confined to devices, based on the Seebeck

effect, for the m_asurement of tempe.ratare and r.L power and
radiation by means of thermocouples or thermoplles constructed
from metals. Even with the best combination of metals •vallable

the use of the Seebeck effect for generation is barely feasible,
and the use of the Peltter effect for refrigeration is quite
impracticable. The success of germanium andsilicon in the

production of transistors and junction rectifiers has encouraged
the study of the mechanism of electrical and thermal transport
in semiconductors. Thus, it has been possib1_ to select potentially
efficient thermoelectric alloys and compounds from the vast

range of semiconductors available. In the case of bismutli tellu-
ride a high figure-of-merit material has been obtained which

makes refrigeration of small volumes a practical proposition.

A generator efficiency approaching 5% is possible with bismuth

telluride In the case where the Ideal efficiency would not exceed

25% with temperature limits of 300-400°K. The salient features
which emerge indicate the potentialities of bismuth telluride for

the generation of power and heat pumping, in particular refrige-
ration of small volumes and local cooling. The paper is based

on work carried out by the author on the engineering applications

of bismuth teUurtde, _ _..fi i_ _/"

-"" t[on of electricity by unconventiOnalOene r_._ ._ ..... electric generators...l-I;
met_ous; - _,?,:,__ .,_. Combustion 33:_o-_
Billett anQ Ocn_rs. _,_,--
My '6S

TIIERMOELECTRIC APPLICATIONS TO INDUSTRIAL
12390 PROBLEMS. J.C.R.Kelly, Jr.

IRE Trans Industr. Electronics (US/Q, Vol. IE-9, No. I, 61-5 (May,

1962),
The efficiency and durability of thermocouple.s have been jm.

proved by recent research and development. This has led to •
number o_ prototype applications for both cooling and power genera-

ting devices. The inherent characteristic of a thermoelectric sys-
tem that lends itselfto easy modular design and adaptation Is the

thermoco_ple itself.Each couple may be rated by watts of power

produced or consumed. Examples el a number of different appU-

cauonsare given. _ / _



80,293 FLAT-PLATE SOLAR TllERMOELECTBIC

CONVERSION PANELS

llimle, A. N., Brush, D. S., Bees, I. B., Brady, E. L.

(General Dynamics Corp., General Atomic Div.,

San Diego, Calif.)

May 1962

Aeronautical Systems Division, Flight Accessories Lab.,

Wright-Patterson AFB, Ohio

ASD TDR 62-214

Procedures have been developed for the construction of a

lightweight solar energy converter, using thermoelectric mate-

rials sandwiched between flat sheets of aluminum. Two panels,

each one foot square, were delivered to the Flight Accessories

Laboratory, Aeronautical Systems Division. Each panel con-

tains 153 n-type PbTe elements and 153 p-type ZnSb ele-

_--' arranged in :.1..c,_,.,ccn alter:-ating ro-vg of seventeeni||_l|tS I

elements each. The panels are capable of an output of at least

1.33 w/ft 2 when subjected to an incident energy of 1400

w/m-', which is equal to the solar energy intensity at the

Earth's distance from the Sun. At this otttput, the solar panel

weighs 96 lb per electrical kilowatt.

]Power for experm_ents on moon could come
from curium-242-fueled apu: abstract.
R. J. AVllson and others, dlag S A. _ J
70:98 Je '62

.array oz tiny unlt_ forms .qolar-tl3ormoeleCtrle
_enerator" abstr_ct. R. Lang. 11 S A ]_ J

_ 70:96-7 Je '62
p.'b-?'TY '_ _-

12395 EFFECTS OF SURFACE HEAT TRANSFER ON THE
PERFORMANCE OF A THERMOELECTRIC

GLNERATOR. L.J.Ybarrondo and J.E.Sunderland.
Solid-State Electronics (GB), Vol. 5, 143-54 (May-June, 1962).

Analytical solutions are given for the steady-state temperature

dlstrflmtion, power output, and efficiency of a thermoelement which
is used in a thermoelectric power generator. The longitudinal sur*
face of the thermoelement is divided into three regioas. The first

region is exposed to convection with the environment at the cold
Junction; the second region is thermally insulated; the third region

is exposed to convection with the environment at the hot Junction.
The relative sizes of the three regions are variable. The solutiorm

are useful for predicting the performance of thermoelectric power
generators and for showing the improvements in performance that

can be gained through the u=c of surface heat transfer. It Is shown
that substantial increases in the power output can be gained if the
thermoelements are exposed to surface heat transfer. It is possible

to use surface heat transfer to reduce greatly the amount _ fin
surface needed at the hot and cold Junctions. A numerical example

Is presented In which no fins are used at the hot and cold junctions;
it is shown Ln this example that by using surface heat transfer, 97%

of the maximum theoretical output can be achieved, t_. __ _2,_

2790 EXPERn'dENTAL THERMOELECTRIC GENERATOR

SNAP-3. J.GaJewskL
Przeglitd elektrotech. (Poland). Vol. 38, No. 8, 252-4, (June, 19_).
In Polish.

The generator was designed for the USA Atomic Energy
Commission. It found wider appllcaUon in coastal navigation,

meteorological, communication relay stations etc. Tl-_y may be
driven by different, isotopes according to the application. In tim
prototype a thermal source :l°Po was used. At the time of the half

life the following data existed: radiation source 2100 c, energy
(thermal) 69 W, electrical energy 4 W. The temperature _ hot and

cold JunctionS wa_ 621" and 116"C respectively. The thermoelectz|¢
unit Is described as well as application of SNAP-3 for navigational

purpoeea. M.W.Makowakl _

542 THE CONVERSION OF THERMO-PHOTO-ELECTRIC
ENERGY. A.FortinL

Onde elect. (France), Vol. 42, No. 3, 530-40 (June, 1952). In French.

Treats solar energy conversion on a theoretical baste showing
silicon as the most useful conversion medium and analyses a PIN!
cell as developed from PN Junction by the addition of an Interme-

diary material to increase the life of electron holes from 10p.
to 500 to 1000 _, for germanium. The cell characteristina are dill-

cussed under open and short circuit conditions, with respect to
series resistance losses and output. Describes a thermo-photo*

electric convertor having an ellipsoidal shape with a heal source
and a cell at the two focal points and a filter at the minor axlll

which, with a major axis of 10 cm produces 50 W output for very
little input. R.W.J.Cockram



J6222 EFFECTS OF SURFACE llEAT TRANSFER ON

file PERFORMANCE OF A TIIERMOELECTRIC GENER-

ATOR. L.J. YbarrGndo and J. E. Sunderland {North-

western Univ., Evanston, I11.). Solid-State Electron., 5:

143-54(May-June 1962).

Analytical solutions are given for the steady-state tem-

perature distribution, power output, and efficiency of •

thermoelemcnt which is used in a thermoelectric power

generator. The longitudinal surface of the thermoelement

is divided into three regionS. The firstregion is exposed

to convection with the environment at the cold junction;the

second region is thermally insulated;the third region is

exposed to convection with the environment at the hot junc-

tion. The relative sizes of the three regions are variable.

The solutions are useful for predicting the performance of

thermoelectric power generators and for showing the im-

provements in performance that can be gained through the

use of surface heat transfer. It is shown that substantial

increases in the power output can be gained ifthe thermo-

elements are exposed to surface heat transfer. Itis possl-

grca_,7 theble to use surface heat transfer to reduce - ""

amount of fin surface needed at the hot and cold junctions.

A numerical example is presented in which no fins are

used at the hot and cold junctions; it is shown in this ex-

ample, that, by using surface heat transfer, 97 per cent of

the maximum theoretical output can be achieved. (autl0b,5_ _{,_ //

Effects of Surface Heat Transfer on PerformanceofTherrnoe-'lee-"
trio GeL_erator, L.J. YBARRONIK), J.E. SUNDERLAND. Solid-State
Electronics v 5 May-june 1962 p 143-54. Analytical solutions for
steady-state temperature distribution, power output, and efficiency
of thermoelcment used in thermoelectric I-gwer generator; solu-
tions are useful for predicting performance of generators and for
showing that substantial improvements lnperformancecanbegalned
through use of surface heat transfer: it ts possible to use surface
heat transfer to reduce greatly amount of fin surface needed at hot
and cold Junctions. El" _, "_d,

23469 THERMOELECTRIC NUCLEAR CONVERTORS USING
SEMICONDUCTORS. Nguyen Van Dong.

Onde elect. (France), Vol. 42, 517-22 (June, 1962). In French.

The results of Rodot's calculations (see preceding abstract} on
thermoelectric generators introduce a discussion on the use of these
generators for con;'crtir,g "- ........,._ c,,c,_y from radionuciides and nuclear
rea_crs directly into electricity. A b_tt,,ry which uses the radio-

nuclide Po _s° Is described and a plan for a system powered by -_
nuclear reactor is outlined. The author considers that future

progress may lie in operating at much higher temperatures.

L.M .Roberts

1D-296 193 Div. 7. 8
ITISTE/OIID) OTS price $12.00

_eneral Electric Co., Mest Lynn, Mass.
X0LTAGE REGULATION AND CONVERSION IN UNCONVEN-

TIONAL ELECTRICAL GENERATOR SYSTEMS.

Progress rept. non. 1-2, 1Jnn-JO June 62.
30 June 62, 166p. incl. illus, tables, 5 rata.

(Contract NOw 62-0984-d; Continuation of Contract
NOw 60-0824-¢)

Unclassified report

DESCRIPTORSs *Electric power productlou,

*Voltage regulators. *Fuel ceils, .Thersoelec-
tricity. Design. Transients. Switching cir-

cuits, Transistors. Weight. Mathematical analy-
sis. Capacitors. Coils, Circuits. Msgnetlc

cores. _tability. Transformers. Inverters.

The study of voltage regulation and conversion In
unconventional electrical generator systems is

presented. The approach and work plans for the
complete study are given. The progress to date

in developing a light-weight, efficient de-to-de
circuit known as the flyback circuit Is included.

Information giving the results to date is n high-

frequency switching investigation aimed at re--
ducing circuit weight is presented, k discussion

of power transistor characteristics pertinent to
voltage conversions circuits is included. Design
data permitting the design of a minimum weight
inductor or transformer for any given power loss

is given. (Author)

Direct Conversion Thermoelectric Reactors Studies. J.C.DANKO,
G.R.KILP, E.G.SCHWARTZ. Nuclear Eng & ScienceConference, 7th

New York City, June 4-7 1962--Paper 11 31 p. (Published by Engrs
Joint Council. New York}. Westinghouse Atomic power Dept initi-
ated studies on combining merits of thermoelectric power genera-
tion with those of nuclear reactor heat source: reactor was light
water cooled and moderated; thermoelectric nuclear fuel element
consists of electrical series of N- and P-type PbTe positioned
around nuclear fuel material; Juncture between element cladding
and PbTe becomes hot Junction while reactor coolant establishes
cold Juncture. E._ _

_19 THERMOELECTRIC SOLAR CONVERTERS.
888 Nguyen Thien Chi.

Onde elect. (France), Vol. 42, J54-62 (June, 1962). In French.

A theoretical analysis of the planar thermoelectric solar energy
converter, including a detailed discussion of the practical factors

likely to reduce the efficiency of the device. In spite of these (which
lnk:lude atmospheric contarvination of the transparent face of the
cell, re-radiation iron the components of the cell, the parasitic

resistance of the thermo-junctions and the limitations imposed by
the external circuit) planar converters offer certain advantages

over cells which require the solar radiation to be focused on them.
It is estin:ated that under good sunshine conditions powers of about
9 W/m z can be obtained; during a whole day, about 40 Whr/m s

wight be expected. C.H.B.Mee

THERMOELECTRIC NUCLEAR CONVERTORS USING

14448 SEMICONDUCTORS. Nguyen Van Dong.

Onde elect. {France), Vol.42, 517-22 (June, 1962).In French.

The results of l_odot'scalculations (see preceding abstract} on

thermoelectric generators introduce a discussion on the use of these

generators for converting the energy from radzonucUdes and nuclear

reactors directly into electricity.A battery which uses the radio-

nuclide Po z_°is described and a plan for a system powered by a nuclear

reactor is outlined. The author considers that future progress may

lle in operating at much higher temperatures. L.M.Robertm
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"J19890 EFFECTS OF SURFACE HEAT TRANSFER ON_'I_|E" "
PERFORMANCE OF A THERMOELECTRIC

GENERATOR. L.J.Ybarrondo and J.E.Sunderland.

,_)ild-StateElectronics (GB), Vol. 5, 143-54 (May-June, 19G2).

Analytical solutions are given for the steady-state temperature

distribution, power output, and efficiency of z thermoelement which

is used in a thermoelectric power generator. ILe longitudinal

surface of the thermoelement is divided into three regions. The

firstregion is exposed to convection with the environment at the_

cold Junction; the second region is thermally insulated; the thircl

region is exposed to convection with the environment at the hot

junction. '/'herelative sizes of the three regions are varisble. The

solutions are usef,l for predicting the performance of thermo-

electric power generators and far showing the improvements in

performance that c_tn be gained through the use of surface heat
transfer. It is shown that substanti_J increases in the power outpUt

can be gained if the thermoelcmenis are exposed to surface heat
transfer. It is possible to use surface heat transfer to reduce

greatly the amount of fin surface needed at the hot and cold Junctions.
A numerical example is presented in which no fins are used at the
hot and cold junctions; it is shown in this example that. by using
surface heat transfer, 97% of the maximum theoretical output can be

achieved. _ _
/

2|369 (NAA-SR-Memo-7573) THERMAL ANALYSIS

OF R-C 13, LAUNCH PHASE. P. W. Johnson (Atomics
International. Div. of North American Aviation, Inc.,

Canoga Park. Calif.). July 18, 1962. Contract [AT(M-D-

Gea-8l. 50p.

Aerodynamic heatir_ of the SNApo2 radiator-condenser

is an important design consideration, treat creating tem-

peratures in the 550 to 900"F range will rule out many

optimum weight configurations. The effects of aerody-

namic heat on the temperatures of twenty-seven specific

cases of an Al-steel radiator-condenser are summarized.

The maximum skin temperatures and skin-tubing differ°

ential temperatures are presented to aid in the selection

of an optimum design. Future design _vrk w'lll be assisted

by the plots of "heat sink" values as a function of tern°

perature. In the past, various radiator-condenser design-

ers used a miutmum v_tlue of 0.2 BTU/ft:'F; the included

plot indicates the validity of this assumption. Other heat

sink values ranging from 0.145 to 0.267 are presented with

their maximum skin temperatures at various radiator-

condenser stations. (auth) /s_ _ _ ( _

THERMOELECTRIC SOLAR CONVERTERS.

14449 Nguyen Thien Chl.

Onde elect. {France), Voi.42, 554-62 (June, 1962). In French.
A theoreti.cal analysis of the planar thermoeletric solar energy

convertor, including a detailed discussion of the practical factors

likely to reduce the efficiency of the device. In spite of these (which
include aimosph_rlc contamination of the transparent face of the cell,
re-radiatlon from the components of the cell, the parasitic resistance
of the thermo-Juncfions and the limitations imposed by the external

clrcult) planar convertors offer certain advantages over cells which

require the solar radiation to be focused on them. It is estimated that
under good sunshine conditions powers of about 9 W/m z can be obtained;

during a whole day, about 40 Whr/m I might be expected.
C.H.B.Mee

AD-281 859L Dlv. 7. 12
(TXSTA/SES)

General Atomic Div., General Dynamics Corp.,
San Diego, Calif.

LIQUID-METAL-HEATED. THERMOELECTRIC. SPACE POWER
SYSTEM.

Monthly rept. no. 1,

by R. Campsno. June 62, lOp. (Rapt. no. GACO-
3290)

(Contract NOw 62-0841-e)

Unclassified report

Notice: Only government agencies may request
from ASTIA. Others request approval of Bureae

of Naval Weapona. Navy Dept.. Nash. 25. D. C.

DESCRIPTORS: mThermoelectrfcity. Liquid
metals, Space flight. Generators. Magnets,

Pumps, Design. Materials. Voltage regulator|.

Sodium, Potassium, Power supplies. _ _

2627 (MND-P-2483-7) SNAP 7 PROGRAM _ TASK

8--STRONTIUM-90 FUELED THERMOELECTRIC GEN°

ERATOR DEVELOPMENT. Quarterly Pxvgress Report

No. 7, May 1 through July 31, 1962. W.A. McDonald

(Martin-Marietta Corp. Aerospace Div., Baltimore).

Contract AT(30-3)-217. 20p.

The effort on SNAP 7A and 7C was confined to operating

the reliability model. There were fluctuations in output
power that can be attributed to variations in the operating

parameters, plus an increase in the internal resistance.

In the SNAP 7B project the second 60-watt generator was

completed and has undergone the beginning-of-life (maxi-

mum input, helium gas) portion of the parametric tests.

The performance was nearly identical to that of the first

60-watt generator. The unit will be used with the SNAP 7B

system. The installation concept for the SNAP 7B system

was approved by the U. S. Coast Guard. The generator is

to be housed in a finned aluminum container that will pro-

vide the required radiator surface. This container will be

filled with a water-ethylene glycol mixture that is ncces°

sary to transfer the heat from the generator into the con°

tainer. The battery-converter compartment is an integral

part of the container lid. During the time the entire SNAP

7D system was subjected to shock and vibration tests, no

mechanical or functional deficiencies were detected. The

required temperature tests followed the mechanical tests.

During this period the complete system was operated at

maximum intermediate and minimum temperatures. De-

sign objectives were satisfied throughout the test. The

SNAP 7D generator was fueled at Oak Ridge National Labo-

ratory (ORNL) on June 12, 1962, with a total thermal input

of 1435 watts. The fueled generator was returned and

integrated with the system. The system was demonstrated

and accepted on July 3, 1962. {auth) IV ._p] I_ ,_

Radlolsoto'i_c-'ftle}ed thermoelectric generators.
W. E. Kersh_tw. dia_ Electro Tech 70:12-11
JI '62
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Thermoelectric Generator• for Cathodic Protection, E.P.I)ORE-
MUS, F.B.TIIOI_N,Jr. Oil & Gas J v 60 n 33 Aug 13 1962 p III-13,

115. Results of 10-sO operation of 8-w thermoelectric generator

installed on pipe line show that packaged units available offer re-
liable current source for cathodic protection Installations; thermo-
electriC generators may be used In series or in parallel for higher
driving voltage• or higher current Output; comparative outputs
for magnesium, duriron, and steel groundbeds with that obtained

by using resistive load equal to measured resistance of ground-

914_ THERMOELECTRIC F.LEMENTS HAVING

GRADED ENERGY GAP. Fred D. Ro•t (toRadio Corp.

of America). U.S. patent 3,050,574. Aug. 21, 1962.

The thermoelectric generator comprises two circuit

members of thermoelectrlcally opposite semiconductor

matertals. The two members form a thermoelectric Junc-

alan,at least one of the members having a varying compO-

sition such that its energy gap Is graded from one end to

the other. (Rj.S.) re" _ _ (_,'_

19687 (NAA-SR-7797) SNAP AEROSPACE SAFETY

PROGRAM QUARTERLY TECIINICAL PROGRESS RE-

PORT, JULY-SEPTEMBER 1962. (Atomlcs International.

DIv. of North American Aviation. Inc.,Canoga Park,

Calif.). Mar. 20, 1963. Contract AT(II-I)-Gen-8. 5Gp.

Statements are presented concerning project objectives,

major accomplishments In FY 1962, progress during the

report period, evaluation of effort to date, and next report

period actlvltle•.The subject material covers reactor

separ__tlon and fuel element ejection, reactor transient and

excursion tests, reactor end-of-life shutdown devices,

fission product release studies, critical configuration

tests, mechanical and thermochemtcal effects, and fuel

element burnup and fission products dispersal. Major em-

phasis for the period was concentrated on the design of

the SNAPTRAN 2/10A-I and -2 machines and the models

for the Reentry Flight Demonstration (RFD-I). Planning

of the SNAPTRAN experimental program was undertaken.

Analytical effort was concentrated on developing the sev-

eral computer codes required for Interpreting and under°

standing the data acquired or to be acquired from the

experiment•. The majority of the Phase I mechanical and
thermoehemtcal effects test program was completed. A

few fission product releases were conducted at the NRTS.

Necessary test apparatus for the water Immersion critical

experiment was designed and fabricated. (auth) (3._ _ 1_@";_

2559 THERMOCOUPLE ELECTRIC MOTOI_.

J.E.C.Strtnger.

Nature (GB), Vol. 195, 988-9 (Sept. 8, 1962}.
The motor described operates from a single massive lron-

constantan couple of 520/_ohms. Excitation is provided by •

cylindrical loud-speaker magnet with poles arranged to form •
concentric air gap. In this gap rotates an open-ended copper
cylinder, contact to its centre and edge being by means of mercurl

pocls. The motor starts to run at a hot-Junction temperature of
100°C and with a temperature of 700-800°C develops 1.4 W..b_egt-

ions aremade for improving the performance.
F.G.Spreadbur_. ,,

_D-404 893 Ply. 8

(TISTPIFR) 0TS price $4,60

Army Electronics Research and Development Lab**
Fort Me.mouth, N. J.
DESIGN AND EVALUATtON OF THERMOELECTRIC THERNAL
_ARRIER FOR MICRO-MODUL£S,

by Robert O. FitzGer•Id •_d He_bert C. Frankel.
Sep 62. 37p.
DA T••k JA99 15 002 OJ
USAELRDL TR2308

Unclassified report

Descriptors: .Therm•eleetrfelty. Co•ling. +
He•t transfer, Temperature. Miniature elec-
tronic equipment.

Use of • specific Peltler temperature control
device, called * 'thermoelectric thermal barrier.
to protect heat-sensitive electronic circuit
elements from closely ass•canted he•t-preducin 9
elements in a microelectronlc assembly f# dis-
cussed. Test results on • simulated binlry
divider micro-module indicate the feasibility
of the thermoelectric thermal barrier approach.
Experimental results with a slmu!•ted m!cre-
module operating st temperatures between 2_ C •nd
95 C indicate that It is possible under Certals
circumstances to protect • heat-sensitive element
from a helt-generating element within the list
mlcro-module by means of a small, low current
Peltier devle_ built directly Into the micro-

module between these elements. (Author) ,C._

C_tno_l_o l_roteetlon with a thermoelectricII dla_ G_q 3R:G5-9 _ '61
• generator_ b. Stoll.. .......

Thermoeleet r!c-Keneratordesi_n._T., M_ Co_r_
and G. Sptra. Ola-gs _leCtrO lccn *u._*, T

_.s 'st



80,695 DEVELOPMENT OF A PIIOTOEMISSIVE SOLAR
ENERGY CONVERTER

Fowler, P., Koller, L. R., Srhrank, M. P. (National
Research Corp., Cambridge, Mass.)
September 1962

Aeronautical Systems Division, Directorate of Aero-
mechanics, Wrlght-Patterson AFB, Ohio
ASD TDR 62-600

The characteristics of a photoemissive solar energy con-

verier were studied. The practical form of this device is a

perforated sheet of a dielectric such as polyethylene tereph-
thalate resin coated with a photoemitter on one side and with

a low work function conductor on the other. Photoelectrons

emitted from the front surface by solar radiation fall back

throt:gh the holes and are collected on the back surface. The

resulting charge transfer builds up a potential difference

which may be en-q)loyed to perform useful work. Models

were constructed and tested in evacuated glass envelopes of
ultraviolet-transmitting glass using a xenon arc as a solar

simulator. Findings and conclusions are given.

/

70,560 PRELIMINARY DESIGN ANALYSIS OF SOLAR-
POWERED, LONG DURATION SPACE POWER
SYSTEMS FOR A POWER RANGE OF 1 TO 25 KW

Barber, R. E., Mullancy, J. E., Bailey, R. N. (Sundstrand
Aviation.Denver, Colo.)
American Rocket Society, Inc., New York, N.Y.
2569-6_

(Presented at the Space Power Systems Conference,

Santa Monlca, Calif., September 25--28, 1962)

A generalized weight estimate of the solar concentrator,

heat receiver, support and deployment structure, and orien-

tation system is presented for the power range 1 to 25 kw.

A weight estimate of the combined power unit and radiator

is presented for four example solar energy space power sys-

tems over the power range considered. The four example

systems are (1) rubidium, Rankine cycle-turbine prime mover;

(2) biphenyl, Rankine cycle-turbine prime mover; (3) steam,

Rankine cycle--free piston prime mover; and (4) xenon, Bray-

ton cycle-turbine prime mover.

AD-286 567 Dlv. 7
f(TISTP/FR) OTS price $3.60

Foreign Tack. Dlv.. Alr Force Systems Comaand.
Wright-Patterson Air Farce Base. Ohio.
EXAMPLES OF THERMOELECTRIC DEVICES (CHAPTER IV).
by A. F. Ioffe. 12 Sep 62. 32p. Incl. Illus.
tables (Trans. no. FTD-TT-62-226 from
Poluprovodnlkovyye Termoelementy. IZOVO AN SSSR.
Moscow pp. 126-153 (Chapter IV) 1960)

Unclassified report.

DESCRIPTORS: _Thermoelectriclty. Power
supplies. Cooling, Refrigeration systems.
Mlcrotomes. Hygrometers. Thermometers.
Crystallization. Materials.

Coatentsl
Thewmeelectrlc generators
Refrigerators
Nicrotome
Tbermode
Microscope stage
Condensation hygrometer
Heating and air conditioning
Meters for radiant fluxes and heat flows
Surface temperature measurement

Crystallization /_3High-temperature thermoelements



' 70,319FLATPLATESOLARTIIERMOELECTRIC
GENERATORSYSTEMCONCEPT
Glassburn,C.W.(AeronauticalSystemsDivision,
Wril;ht-Patterson AFB,.Ohio)
Amtrican Rocket Society, Inc., New York, N.Y.

2573-62

(Presented at the Space Power Systems Conference,
Santa Monica, Calif., September 25--28, 1962)

Details are presented of flat-plate solar thermoelectric gen-

erator research results. The concept operation is discussed

from a systems standpoint. Systems factors and potential are

based on completed research and the author's estimate of

concept potential if the concept is developed to the point

where operational feasibility/s established.

70,561 A MODULAR SOLAR TIIERMONUCLEAR POWER
SUPPLY SYSTEM

Lang. R_ Lub!n, B. (United Aircraft Corp.,

Windsor Locks, Conn.)
American Rocket Society, Inc., New York, N.Y.
2574

(Presented at the Space Power Systems Conference,
Santa Monica, Calif., September 25-28, 1962)

A modular solar therm,_'leetrie power supply system which

inch|des tht'rmal energy storage and orientation devices is

reviewed. The incorporation of concepts outlined is expected

to contribute to long life requirements of communication and

weather satellites. Thermal storage is compared with other

systems for supplying continuous power.

UNCLASSIFIED
106934 HIGH TEMPERATURE THERMOELECTRIC GENERATOR

(Period covered: September 30, 1961-September 30, 1962)
Henderson, C. M.; Ault, R. G., (et al)

October 1962 Unclassified
Honsanto Research Corp. (Air Force Dept.
AF 33(657)-7387 ASD-TDR-62-896)
Report

Research and development of-a laboratory type high-temperature
thermoelectric generator having a nominal output of 5 watts at a

hot_junctlon temperature of 1200°C and a cold-junction temperature of
700 C in a vacuum is described. Based on the modular concept,
the generator is comprised of 9 series-connected sections of three
parallel-connected modules each.
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!
AD-293 98b Oiv. 7. 1J

(TISTE/OHO) OTS price $3.60

Battelle Memorial Inst.. Columbus. Ohio.
MULTIFUELED THERMAL-ENERGY-CONVERSION SYSTEMS.

Quarterly progress rept. no. I. I July-
30 Sep 62.
by H. R. Hazard. D. A. Trayser and others.

Sep 62. 32p. incl. illus, tables. 14 rein.
(Rapt. no. 1)
(Contract DA 36-039-sc-90838. ProJ. 3A99-09-001)

Unclassified report

DESCRIPTORS: _Electric power production.

_Gas generating systems. *Thermoelectrlclty.
*External combustion engines. Laboratory
furnaces. Wood. Coal. Fuels. Internal combus-
tion engines, Analog computers, Tellurides.
Bismuth compounds, Germanium compounds.

Selenldes. Semiconductc_z_ Lead compounds.

Thermocouples.

Operating and control characteristics of several
combustion chambers for solid fuels were studied

experimentally. It was possible to malattin a
uniform exit-gas temperature of 1150 C over a

period of several hours in a self-feeding unit
flze_ with green wood or charcoal. This permits
heat flux consistent with usual practice ia

design of thermoelectric generotors, at about
4.5 thermal watts/sq, cm.. with moderata
pressure drop for heat transfer. Desigm studies
of a Stirling-cycle air engine are in prooress.
and thermoelectric properties of several com-
binations of semiconductive thermoelectric
materials were studied. Research on these
studies will continue, followed by studlesof

vapor-cycle enMincs and metollic-thermocoupla
systems. (Author)

_1602 PORTABLE GENERATOR UTILIZING DIRECT

CON%'ERSION OF ItEAT TO ELECTRICITY. Gilbert W.

Meyers (to North American Aviation, Inc.). U.S. Patent

3._)56.848. Oct. 2. 1962.

A fuel-firedportable generator is designed which has a

long lifetime, is resistant to mechanical shock, and can be

operated for long periods of time under subzero weather

conditions. The generator uses thermoelectric devices to

effect the conversion of thermal to elcctric energy. Gas-

oline is used a.s fuel. and the output is 30 watts and 6 volts

for 12-hr continuous operation. The lifetime is 1000 hr

with 12 hr on-12 hr off cycle. (D.L.C.) M_A /_._

Measurements on Vacuum Thermo-Electrte Generator, M.OZ-

AWA, T.MORITA, K.OGASAWARA. Eleotrotech Laboratory (Tokyo)
--Bul v 26 n 10 Oct 1962 p 752-8. Results for W and Th-W elec-

trodes in vacuum; emitter and collector are separatelyheated to

800-2400 C by Joule heat, and Interelectrode distance iskept be-

tween 3/100 and 10/100 am; for constant temperature ofcollector

there 18 certain temperature of emitter atwhich Its inducedvoltage
is "_!rdmum and is even lower than thatof collector;inthermoelec-

iron generator with W-emltter, changing collector material from

W to Th-W results in 0.8 v Increase in Induced voltage.In Jal}a-

nose with English abstracL C__ _o.._

18264 (NkA-SR-6309) THE SNAP H POWER CON-

VERSION SYSTEM. TOPICAL REPORT NO. 17. MER-

CURY BOILING RESEARCIt. R.G. Gido and Alfred

Koestel (TAPCO. Div. of Thompson Ramo Wooldridge

Inc., Cleveland). Oct. 1962. For Atomics International.

Div. of North American Aviation, Inc., Canoga Park, Calif.

Contract AT-II-1-GEN-8, Subcontract N843FS-101221.

84p. (TRW-ER-4833)

Activities in a boiling research program to provide data

on heat transfer and pressure drop during vortex once-

through forced convection _Hing of ltg axe reported. A

test rig was built for test section configurations with

swirl wire inserts; or in one case, a bare tube. Effort8

were made during the testLqg of one swirl wire test 8ee-

tion to obtain data on the independent effect of temperature

difference, pressure level, flow rate. and qualft7 level on

heat transfer rate. The data are correlated according to

forced convection vortex boi!ir_ theory. The data aro

meant to form part of the basis for improved design 0_

SNAP II and similar boilers. (J.R.D.) _ '_

"f 1603 TIIER.MOELECTI_/C GENERATOR. Jan For-

man (to Burroughs Corp.). U.S. Patent 3,056,912. OcL 2,
1962.

A thermionic generator is designed which has means for

heating the anode (collectorelectrode) to increase the elec-

tron discharge current between the cathode (emitter elec-

trode) and the anode. The anode is heated to a temperature

above 400"C but Tess than 907o, on an absolute temperaturo

scale, of that of the cathode. (D.L.C.) /y_ e/¢.._ _,_

70,540 RADIONUCLIDE POWER SOMETIIINC NEW

UNDER THE SUN

Morse, J. C.

Interact, v. 17, no. I0, pp. 1301-1303, October 1962

The principles involved in the operation of thermoelectric

converters which use nuelear heat are described. SNAP gen-

erators are discussed in relation to present applieations, sped-

fleations, and operational characteristics.

• "]_lack "_ack thern_oeleetrie generator under
development, il Ele¢ l,:ng 81:809 O '62

__ '_



• 3605 MOBILITY AhT) TIIERMOELECTRIC I_)WER

IN MANY-VAI.LEY IK)LARSEMICONDUCTORS. DorisJ.

Oleehna and H. Ehrenreich _.Gcneral Electric Research

Lab., Schenectady, N. Y.). Phys. Chem. Solids, 23: 1513-

20(Nov. 1962}. {In English}

The mobility, _, and the thermoelectric power, Q, were

calculated variativnally for polar _emiconduetors having
cllipsoidaf energy surfaces in which the polar electron

phonon interaction is dominant. Equations applicable to

both Fermi and Boltzmann statistics are presented. Nu-

merical results for/_ and Q for the latter case are given

as a function of temperature for varying degrees of el-

iipticity. These show that the thermoelectric power is

relatively insensitive to changes in ellipticity. A simple

approximate formula for the n,obility given previously 1$
shown to agree well with the results of the variational

method. (anth) _t_/_ ,_

• 20174 (TLD-17707) IIlGH ACCELERATION FIELD

HEAT TRANSFER FOR AUXILIARY SPACE NUCLEAR

POWER SYSTEMS. Quar_:-ly Technical Report, Septem-

ber I to November 30. 1962. H. F. Poppendlek, N. D.

Greene, F. R. MacDonald, and H. R. Wright (Geosclence

Ltd., San Diego, Calif.). Contract AT(04-3)-409. 42p.

(GLR-II).
A detailed description Is presented of the completed

design for the experimental boiling and condc_mlng liquid-

metal heat transfer system. The experiments can be con-

dusted with either mercury or potassium. Photographs and

drawings show the important system components (pro-

heater, boiler, condenser, subcooler, storage tanks, sep-

arator, :nb_rumentation systems, etc.). A discussion Is

given of high temperature containment and material com-

patlbilities problems In addition to the estimation of argon

solubility in hquld metals. The results of _-qme mercury

safeguard studies are summarized• Sever'." analytical heat
and momentum transfer studies were conducted. One in-

vestigation describes simultaneous heat transfer and fluid

flow under zero gravity, forced flow film boiling or con-

densation in a tube. Other studies define the velocity dect_

of thin, rotating liquid layers in stationary tubes whotm

walls are separated from the liquid layers by • thin, vls-

cous gas film. These solutions can be used to predict heat

transfer and fluid flow in high vapor quality boiling and

condensing Rankine cycle space power plants. (auth) _ t_

I
AD-291 432 Div. 7

(TISTM/BRW) OTS price $3.60

Westlnghouse Electric Corp.. Lima. Ohlo.
SOLAR TIIERMOELECTRIC GENERATOR SYSTEM CONCEPT AND

FEASIBILITY STUDY.

Quarterly rept. no. 3, 15 Aug-15 Nov 62.
by A. J. Krause and J. L. McCabrla. 15 Nov 62.

33p. incl. illus.
(Contract AF 33(657)8089. Proj. 8173)

Unclassified report

DESCRIPTORS: *Thermoelectricity, Solar energy.
Power supplies. Generators. Thermocouples.
Heat exchangers. Design. Feasibility studies.

A heat-exchanger has been assembled and teated to
determine the performance of the waste heat radi-

}-_/tor and to determine the heat losses from the

thermoelectric power converter. A thermoelectric
module efflclency,_ester was built and a typical
section of thermopflxe was tested. The test re-

sults show that the p_wer required by the thermo-
couples is 30% greater tkan anticipated. TEe

power Input It 9renter than anticipated since the
efficiency vf the couple is 15% lower and the
power out Is 13.9% greater than the calculated
values. Delays are still being encountered in
the thermal energy storage system. (Author)

Alternating Current Thermoelectric Generator, H.B.NOTTAGE,
P.L.WINSKELL. AS.ME--Paper 62-WA-157 for meeting Nov 25-30
1962 20 p. Analytical formulation of design and performance of a-c
thermoelectric generator utili zing periodic flow of heat across sur-

face, with thermoelectric conductors in form of deposited films or
ribbons woven through dielectric sheet; efficiency of thermoelectric

generator Is formulated in manner which will lead to payoff optl-

mizations in accord with various application criteria. C_..]--t_

- o ....... .

_/2028Z THE WINNING OF ELECTRICAL ENERGY

FROM RADIOACTIVE ISOTOPES. p. Wenzel. Energie-
tecknik, 12: 504-7(Nov. 1962). (In German)

After detailed statements of general viewpoints, such

as the selection of suitable isotopes, the various well.

known nuclear batteries are described. (tr-auth) tv._ tb

3546 THE PROBLEM OF ELECTRIC JET ENGINES AND

DIRECT CONVERSION OF THE HEAT ENERGY INTO

E LEC TRICA L. A.E. KaplyansklL

Elektrtchestvo (USSR), 1962, No. 11, 7-13 (Nov.). In Russian.
Under the general heading of improvement of efficiency of the

thermo-electric stations and design of engines for distant cosmic
flights the following topics are discussed: (i) direct conversion of
the thermal energy into electrical: the properties of special-to--

purpose generators are stated; (ii) distant cosmic flights: desigu

problems of engines for space crafts are examined. Acceleration,
velocity and trajectories of these crafts are analysed neglecting,

for simplicity, the aerodynamic resistance of the earth's atmosphere;
(iii) the principles of operation of the electric jet engines and gener-

ators of the new type are stated and classified into the following:
electrothermal jet engines, magnetic-plasma machines and electro-

ion machines. Z.F.Voyper



AD-404193 Div. ?, 17, 26
(TISTE/JBM)OTSprice $7.60

Tyco Inc., Waltham, Mass.
POWER DEFENSE TIIERMOELECTRIC MODULE.

Interim rept.. ] July 61-2 Nov 62.

ed. by Martin Weinstein. 2 Nov 62, 65p.
Contract NObs86015,

Unclassified report

Descriptors: *Thermoelectricity. *Generators,
Mechanical properties, Lead alloys, Tellurium

alloys. _onding, Ultrasonic radiation, Temper-
ature. Thermocouples, Resistance (Electrical),
Diffusion, Fixed contacts. Metallurgy. _xec-

trodes, Iron. Oxidation. Chemical milling,
Weight, High temperature research, Electric

potential, Power. Sodium, Manufacturing meth-

ods. Processing, High pressure research,
Thermal conductivity, Extrusion. Sinterin9,
Effectiveness.

Efforts concerned optimizing the power-to-weight
ratio of a lead telluride thermoelectric genera-

tor by developing bonding techniques and material
preparation processes. A technique which

utilizes a SnTe braze, was developed for bonding
P and N-type PbTe to pure Fe electrodes. Contact
resistances fall in the ranoe of = - 15 micro-ohm

per sq. cm. A bondino technique involving the

interdiffusion of Fe and N-type _J,Te at 85G C
was developed. Contact resista_c_s fall in the

range of 10 - 20 micro ohm per sq. cm. N-type
Pbre directionally solidified un,_,_r the influence
of ultrasonic oscillations was found to possess

mechanical properties superior to presently
available material. Bonded and unhonded PbTe

were found to be capable of sustaining, without
any visible damage, a temperature gradient of

510 C for over 250 hours. (Author) i. _

24724 (AI-7950) APPLICATION OF SNAP 2 TO

MANNED ORBITAL SPACE STATIONS. H. N Rosen-

berg, ed. (Atomlcs International. Div. of North American

Aviation, Inc.,Canoga Park, Calif.). Dec. 16, 1962. 90p.

/TI_.__e'results of a study of the installationand operational

characteristics of a SNAP reactor system in!egrateu with

a manned space station are presented_//rhe reference sys-

tem selected was sn II kw{e) ve-r-slo'r_'ofa SNAP 2 system

employing multiple pow_x conversion units coupled to a

single reactor source_0fprime importance is the reactor

r.xdiationshield required for the manned system and t_e

use of design features which minimize the shield wright/
The weight of the radiation shield is highly dependent lzf_on

the geometrical configuration of the space station and the

reactor since "shadow" shielding of the manned compart-

ments Is required for minimum weight systems. The

installation and shielding requirements of the 11 kw{e)

system were considered for two types of space station

configurations; one was a 10 ft dia cylindrical station with

a reactor separation distance of 50 ft and the other a 150 ft
dia toroidal station with the reactor located in the hub. The

weight o! the power system installed in the cylindrical

space station was about 9000 lb of _hich 6000 Ib was re-

quired for shielding. The weight of the system for a to-

roidal station was _25,000 Ibs of which 20,000 Ibs was

required for shielding Ilo_ever, these weights are rela-

tively Insensitive to power level and doubling or tri-

pllng the power output will only increase these weights

by a small percentage. In addition, the designs developed

for these two concepts permit the. replacement of the react

tor and power conversion system with the radiation shields

becoming essentially a permanent part of the space station.

Hence the large weight penalty associated with the reactor

shield only has to be Incurrt.d once during the life of the

space station. Because of the dominance of the reactor

shlpld weights for manned systems, parametric curves

of shielding weight arc presented to enable the space

vehicle designer to estimate nuclear power system

weights for configurations other than those selected in

thisreport 3

3103 TItERMOELEC'rRIC GENERATOR. Henry L.

Imelmann. (to Thermo Power, Inc.). U.S. Patent

3,064,063. Nov. 13, 1962.

A simple and compact apparatus is described for con-

verting heat directly into electric energy. Relative move-

ment between the heat source and the junctions defining the

thermoelectric generator occurs so as to efficiently utilize

the heat source for heating the junctions. (R.J.S.}

v 8313 THERMOELECTRIC GENERATOR WITH EN-

CAPSULATED ARMS. William J. van der Grluten and

Erwlo Fiseher-Colbrie (to General Electric Co.). U.S.

Patent 3,070,644. Dee. 25. 1962. Filed Feb. 11, 1960.

Attempts are made to improve the thermal, mechanical,

and compositional stability, as well as the electrical per-

formance, of a thermoelectric generator. The particular

generator involved is a static device for converting heat

to direct current electricity without the use of moving parts.

The !n_vldual tbermocouple arms in the genera_'_r are

encapsulated so that all surfaces of the thermoelectri c ma-

terials are sealed. Encapsulated arms are produced which

form generator pairs with superior stability. (R.J.S.) _ _



' A0-294 624 Oiv. 7
(TISTE/uIlD) OTS price |4.60

Monsanto Research Corp., Dayton, Ohio.
HIGH TEMPERATURE TIlERMOELECTRIC GEHERATOU.

Quarterly progress rept. no. 4, I 0ct-31 Dee 62,

by C. M. HendersOn, R. 6. Ault sad others.
31 Dec 62, 47P- incl. illus, tables.
(Contract AF 33(657)7387. ProJ. 8173)

Unclassified report

DESCRIPTORSt mThermoelectricity . .Generators.
*Thermionic emission, Nuclear power plants,
Electric power prOduction, High temperature
research, Vacuum apparatus, Experimental data.

Heating elements. Semiconductors, Graphite,
Additives, Coatings, power metallurgY.

The experimental model generator has completed
more than 800 hrs of operation of a sustained

performance _est at a hot end temperature ot
1200 C (+25 -0 C), cold end st about 714 C

(+!2 -0 C) In a vacuum of 10 to the -5 mm Rg
without degradation of its power producing

characteristics. Progress was made in effor¢|

to improve the properties of high temperature
n-and p-type, proprietary, thermoelectrlC ms"
terials, lhvestlgations were initiated to de-

velop improved emlssive cold-end radlato_ coat-
ings and new methods for fabricating thermoe|e¢-

tric .odulee. _Aut_or) /6_
1

11314 (NAA-SR-?288) STATISTICAL ANALYSIS OF

SNAP 10A THERMOELECTRIC CONVERTER ELEMENT

PROCF.SS DEVELOPMENT VARIABLES. S.H. Fitch and

J. W. Morris (Atomics international. Dry. of North

American Aviation, Inc., Canoga Park, CallL). Dec. 15,

1962. Contract AT-II-1-GEN-8. 41p.

Statistical analysis, primarily analysis of variance, was

applied to evaluate several factors involved in the devel-

opment of suitable fabrication and processing techniques

for the producUon of lead telluride thermoelectric ele-

ments for the SNAP 10A energy conversion system. The

analysis methods are described as to their application for

determining the effects of various processing steps, estab-

lishing the value of individual operations, and evaluating

the significance of test results. The elimination of un-

necessary or detrimental processing steps was accom-

plished and the number of required tests was substantially

reduced by application of these statistical methods to the

SNAP 10A production development effort. (auth) /V._ r_3

8944 (NP-12i77) lilGl! TEMI, ERATURE TILER-

MoELECTRIC GENERATOR. Fourth Quarterly Progress

Report, October I, 1962-December 31. 1962. C.M.

Henderson, R. G. Ault, Emil Beaver, R. J. Janowleckl,

H. B. Jankowsky, and L. Reitsma (Monsanto Research Corp.

Dayton Labs., Ohio). Contract AF33(657)-7387. 52p.

The experimental model generator completed more than

800 hrs of operation of a substained performance test at a

hot end temperature of 1200"C (* 25, -0°C), cold end at about

714"C (+ 12, -G'C) in a vacuum of 10 -$ mm Hg without d_,r&-

dation of its power producing characteristics. The test Is

continuing. Progress was made in efforts to improve the

properties of high temperature n- and p-type thermoelec-

tric materials needed to supplement p-type MCC 50, the

thermoelectric material used in the experimental model

generator now under test. Investigations were Initiated to

develop improved emlssive cold-end radlator coatings and

methods for fabricating MCC 50 thermoelectric modules.

,auth) r_sf_ 'lo_

[ 7560 (NAA-SR-7140) TEMPERATURE COEFF|-

CIENTS AND SPECTRA IN THE HYDRIDE MODERATED

SNAP REACTORS. J. Miller, R. L. Brehm, and W. J.

Roberts (Atomics International. Div. of North American

Aviation, Inc., Canoga Park. Calif.). Dec. 30, 1962. Con-

tract AT(II-I)-Gen-S. 56p.

A summary of SNAP temperature coefficient measure-

ments accomplished on the SNAP Experiment and Develoi_-

mental Reactors is presented. Isothermal measurements,

transient experiments, and power coefficient measure -

ments are included. Analysis of the experiments resulted

in isolation of component effects. The thermal spectrum

temperature coefficient for these zirconium hydride mod-

erated systems is shown to be on the order of -0.04_PF.

A new model for the energy transfer process In zirco-

nium hydride is presented which reproduces measured

spectra and results in temperature coefficients of the

magnitude measured. The caleulation_ model Is p_,enome-

nologically based and uses Ferml-Dlrac statistics to de-

scribe the state populations of the protons in the zirconium

hydride. {auth) _f_ , _

UNCLASSIFIED

107548 SNAP IOA NUCLEAR AUXILIARy POWER UNIT DEVELOPMENT (U)
107549 (Period covered: January-March 1962)

December 28, 1962 Confldent£al
Atomics International (NAA SR-7193)
AT (I.I-I)-GEN-8 (AEC TIS
PR NAA SR-7193)

Test results confirm selection of SiGe pellet converter

concept. Major effort is directed toward scale-up for production
of qualification test system units. Pump development effort is
concentrated toward PbSnTe with SiGe as a back.up thermoelectric

material. The first non-nuclear thermal test APU was completed.

Preliminary review of the hazards analysis associated with shipping
of APU and with the flight testing of APU were completed. (U)



/3293 (EDII-3113) SYSTEMS ANALYSIS OF NUCLEAR

(SNAP II)LIQUID METAL CELL SPACE POWER SYSTEM.

(General Mctors Corp. Allison Dlv., indianapolis}. Dec• $,
1962. 195p.

A systems analysis and conceptual design data are pre-

sented for a nuclear direct conversion slxtce power system

concept. This system Is an electn_chemlcal device based
V
on concentration cell principles and employing liquid met-

als as reactants, A detailed parametric analysis of cell

performance based on current and projected technolugy is

presented. Ferformance and conceptual design data on

other system cc.mponents, such as electromagnetic pumps,

regenerat r, boiler-separator0 condenser, cooler, and ra-

diator, are included. Analysis of the K-llg liquid metal

cell coupled to a SNAP II reactor is also presented• At-

tention Is focused upon a 2-kw(e) space power system, and

a dc.... e,._ei_ht b_eakdowo......is given. (D.L.C.)NSAI(0t_

19165 POSSIBLE METHOD FOR CONVERSION OF THERMAL

ENERGY INTO ELECTRICITY. E.V.Teodorovich.

Zh. tekh. Fiz. (USSR), Vol. 32, No. 12, 1490-2. (Dec., 1962). In

Russian. English translation in: Soviet Physics-Technical Physics

(USA), Vol. 7, No. 12, 1101-2 (June, 1963).

The new technique suggested for this conversion is based on

the partial ordering of the random thermal motion of charged

particles (electrons) in a non-uniform magnetic field,which leads

to the production of a current and an effective e.m.i. A possibility

for its practical realisation is envisaged in the use oI the electron

acceleration mechanism now proposed in conjunction with a thermi°

onic converter for increasing the total effeciency of the converter.

H.H.Hodgson
_ _,_

l131q (NKA-SR-7288) STATISTICAL ANALYSISOF

SNAP 10A THERMOELECTRIC CONVERTF-R ELEMENT

PROCESS DEVELOPMENT VARIABLES. S.H. Fitch and

J, W. Morris (Atomlcs International. Dlv. of North

American Aviation, Inc., Canoga Park, Calif.). Dec. 15,

1962. Contract AT-11-1-GEN-8. 41p.

Statisticalanalysis, primarily analysis of variance, was

applied to evaluate several factors Involved In the devel-

opment of suitable fabl'Icationand processing techniques

for the production of lead teUuride thermoelectric ele-

ments for the SNAP X0A energy conversion system. The

analysi_ _ethods axe described as to their application for

determining the effects of various processing steps, estab-

lishing the value of indiv/dual operations, and evaluating

the significance of test results. The elimination of un-

necessary or detrimental processing steps was accom-

plished and the numb:r of required tests was substantially

reduced by application of these statistical methods to the

SNAP IOA production development effort. {auth) _ _/_ f(_

5937 STATIC NUCLEAR THERMOELECTRIC SYSTEM FOR
SPACE. P.E.Kueser, P.S.Merrill and F.G.Tauch.

Trans Amer. Inst. Elect. Engrs _, Vol. 81,402-5 (1962) = Appltc.

and Industr., No• 64 (Jan., 1963).
A completely static nuclear-powered thermoelectric generalor

is discussed. The reactor, designed for Snap-lO (Systems for

Nuclear Auxiliary Power), uses Uz3_-zirconlum-hydrlde _e| moder-

ator and Is capable of operating a thermoelectric generator at •
hot-side temperature of 1000 to 1200°F. A prototype thermoelectric

generator is described which produced 250 W of electric power at
spacing operating temperatures. Waste-heat radiators for the sys-
tem, having constant and tapering fin thicknesses, are discussed.

Curves are presented of performance versus fin number and length
for both tapered and constant-thickness fins. Weight and electric

power capability of a present state-of-the-art thermoelectrl¢
generator-radlator system is presented in curve form and shows •

245 Ib weight for a 250 W system exclusive of.the reactor and

shleldln_. _ _ _ '(0_

Applylng Thermoelectric Devices--System Deslgn Considerations,
J.C.R.KELLY, Jr. Automatic Control v 17 n 5 Dec 1962p 34-7.
Practical applications of thermoelectrlcltyforpowergenerating and
cooling purposes are discussed on background of recent develop-
ments of thermocouples, etc. __.._ /_ "_.

.° • *°., * ...... ,* o . .

Converston dtrecte d'_nergte thcrmique en mouv_ment_" C.VE-

RIE. J de Physique et Rmtlum (Physique Ap.nliquee) v 23 n 12
Dec 1962 p 166A-SA. Direct conversion of thermal energy into
motion; method is proposed for directly Converting thermal ca0r_'
taro mechanical energy by meaJ_s of thermoelements; simple de-
vice described; first experimental results show that tccb.'_lquc
has many advantages In case of low energies. C_.T" f_

vi0212 SPACE PROBE LIMITATIONS ON NUCLEAR-

ELECTRIC POWER SUPPLIES. Owen W. Welles (Space-

General Corp., El Monte, Calif.}. ARS Preprlnt No. 2527-

62. New York, American Rocket Society, 1962.

Prepubllcatlon Copy. 8p. $1.00.

The various relations between a deep space probe and its

nuclear-electric power supply are reviewed, in order to

predict the constraints of the probe on the supply, The

relations include the magnitude and type of power consumed

by the probe, the relative weights of probe and power

supply, and the mission duration. The environment created

by the power supply constitutes another class of relations.

Physical relations are associated primarily with the large
radiators required for the power supply. It Is shown that

c,-.rt_i,, of the _-s'-a_-t .... :_---_'............. , ,. o _,,n_uu_ auay influence the power-
supply design features. These constraints include control

of scatter radiation, cancellation of rotating Inertlas, de-

sign for failure life much longer than wear-out, and pro-

vision for folding the radiators is most probes. (auth)/_,,A'L__,,v7 v2o1

153



70113 TIlE NASA NUCLEAR ELECTRIC POWER

PROGRAM. Fred Schulman (National Aeronautics and

Space Administration, Washington, D.C.}. ARS Preprint

[qo. 2522-62. New York, American Rocket Society, 1962.

Prepublicatlon Copy. tip. $1.00.

The projected requirements and capabilities for space

electric power In the ranges below 0.5 kw, on the order of

10 kw, and on the order of 10 Mw are discussed. The uses

of radioisotope, reactor, and advanced systems to fulfill

the requirements are outlined. (T.F.H.} #_# '6" 3

9|2g A MODULAR SOLAR THERMOELECTRIC

POWER SUPPLY SYSTEM. Ronald Long and Barry Lubla

(United Aircraft Corp., Windsor Locks, Conn.). AR8 Pre-

prim No. 2574. New York, American Rocket Society, 196L

Prepublication Copy. 6p. $1.0C.
Review is presented of a modular solar Lhermoelectric

power supply system, which includes thermal energy stor-

age and orientation devices. Incorporation of concepts out-

lined is expected to satisfy some long-life requirements ot

communication and weather satellites. A comparison ¢d

uermal storage with other systems for supplying continu-

s power is presented. (auUD NSt_ '{o

9119 ELECTROSTATIC POWER GENER.J, TORS FOR

SPACE. C. Coenraads, A. S. Denholm, J. Lavelle, and

F. McCoy (Ion Physics Corp., Burlington, Mass.). ARS

Prcprlnt No. 2555-62. New York: American Rocket Soci-

ety, 1962. Prepubllcatlon Copy. 32p. $I.00.

The development of electrostatic generators that com-

bine low weight with electromechanlcal stability and flash-

over elimination is discussed. Power/mass ratios better

than G.S kw/Ib can be obtained at 20 kv output voltage, and

these ratios become lower as the output voltage decreases.

(T.F., j t_ 5A, _c

14930 (CEA-Bib-33) GENERATEURS D'ENERGIE

ELECTRIQUE ET IRRADIATEURS EQUIPES DE SOURCES

DE PRODUITS DE FISSION AUX U.S.A. (Electrical En-

erg:y Generators and Irradlators Equipped with Fission
Product Sources in the U.S.A.). H. Emmanuel (France.

Commissariat It l'Energle Atomique. Centre d'Etudes

Nucl_aires, Saclsy). 1962. 10p.

Tables of Information on research and applications

achieved in U.S.A. in the fields of isotope-fueled power

generators, and irradiation facilities equipped with fission

product sources are presented. (auth) iv' 5It I{_ _.)

o .

$132 F LAT PLATE sOLAR THERMOELECTRIC

GENERATOR sYSTEM CoNcEPT. Charles W. Glassburn

(Wright-Patterson Air Force Base, Ohio). ARS Preprint

No. 2573-62. prepubllcation Copy. 7p. $1.00

Details are presented of flat-plate solar-thermoelectrlc

generator research results, and the concept operation dis-

cussed from n systems standpoint. System factors and po-

tentials are estimated, assuming the concept to be devel-

oped to the point where oper_ional feasibility Is established.

_t
263S NUCLEAR REACTOIt SPACE I_.._WER SYS-

TEMS. J. It.Wetchand M.G. Coc_mbs{Atomics Interna-

tional,Canoga Park, Ca|if.). Preprint Paimr No. CP 62-

1203. New York, American Institute of Electrical

Engineers, 1962. 13p. $1.00.

The status of the space reactor program is reviewed.

The SNAP 10A, a 500-_att therm_electric ._ystem; the

SNAP 2, a 3-kw mercury turb.oelectric sy_tem; an,a the

_NAP 8, a 30-kw scale-up of the SNAP 2 system are de-

scribed. Factors that itffluence the design of a nuclear

sp;:ee power system are presented, and the prospects Is=

future higher power nuclear systems are discussed, lauth)_
.......... .................. !:&. _ , _

2637 RADIOISOTOPE POWER S_/'STEM OPERATION

IN TIlE TRANSIT SATELLITE. P.J. Dick (Martin Mari-

etta Corp., Baltimore) and R. E. Davis. Preprint Paper

No. CP 62-1173. New York, American Institute of Electri-

,'al engineers, 1962. llp. $1.00.

Day-to-day telemetry readout of stabilized radioisotope-

powered generator load voltage from the Transit 4B satel-

lite shows that early thermoelectric system mortality does

not occur and that sun-to-shade generator surface tempera-

ture variations are about 40"F. The application of a closely

matched, Input-regulated, step-up voltage converter in con-

junction with the radioisotope power supi,ly (RIPS} also

shows that mulliple voltages can I_, _upplied to the elec-

tronic packages while maintaining conversion efficienciea

in the range of 70 to 85c_. By use of converter output fllter_

voltage ripple can be held below 0.5¢{ and radiofrequency

interference is essentially eliminated. (auth} ,_:_ I_¢

Moaerne r_temooenner Olret<ten _nerg_eumwsnomng, J.d.STUDEI_
ScienttS Electrlcs v $ n 4 1962 p 133-48. Modern methods of

direct energy conversion; application of thermoelectric effects
to thermoelectric generation and cooling; efficienCy of generators

and heat pumps; figure of mexit of materials used; differentform

of thermoelectric generator. _" _ 3

712S A MODULAR SOLAR TIIERMOELECTRIC

POWER SUPPLY SYSTEM. Ronald Long and Barry Lubim

(United Aircraft Corp., windsor Locks, Conn.}. AR$ preo

print No. 2574. lqcw York,. American Rocket Society, 1952.

Prepublieatlon Copy. 6p. $|.00.

Review is prevented of a modular solar thermoelectric

power supply system, which includes thermal energy stor-

age and orientation devices. Incorporation-of concepts ottt-

lined is expected to satisfy some long-life requirements o{

communication and weather satellites. A comparison o/

uermal storage with other systems for supplying continu°

s power is presented. (auth) _f _ _t t (o_



UNCLASSIFIED
115917 STATUSREPORT ON THERHOELECTRICITY, PART II: DEVICES

Davisson, J.W. & PasternakD Joseph
January 1963 Unclassified

Navy Dept.
Office of Naval Research
Naval Research Laboratory
NkLHR-1361, Pt. II

Varlous appllcatlons of thermoel_ctriclty are studied.
Systems included are food storage refrigeration, air condltlonlug
for submarines, nuclear reactors, thermoelectric generators, solar

panels, and coollng of semiconductor components.

/,7

29861 STATIC NUCLEAR TitERMOELECTRIC SYS-

TEM FOR SPACE. P. E. Kueser (Westinghouse Electric

Corp., Lima, Ohio), P. S. Merrill, and F. G. Tauch. App'. -

Ind., No. 64, 402-5(Ja.n. 1965).

A completely static nuclear-powered thermoelectric

generator is discussed. The reactor, designed for SNAP-10,

uses U23_-zirconium-hydride fuel moderator and is capa-

ble of operating a thermoelectric generator at t hot*side

temperature of 1.000 to 1,20O'F. A prototype thermoelec-

tric generator ts described that produced 250 watts

electric power at spacing operating temperatures. Waste-

heat radiators for the system, having constant *_d L_pering

fin thicknesses, are discussed. Curves are presented eG

performance versus fin number and leng:h for _o:h tapered

and constant-thickness fins. Weight and electric power

capability of a present state-of-the-art thermoelectric

• generator-radiator system is presented in curve form and
shows a 2_-5-pound weight for a 250-watt system excluslva

of the reactor and shielding. (auth) _:" _]A _ _ ?b

/ 71,082 POWER REQUIREMENTS FOR DIRECT-

BI_OADCAST SATELLITES

Davit, H. L.

Nucleon;ca, v. 21, no. 1, pp. 53-_6, January 1983

Development of the SNAP-8-powered electrical system for

direct satellite broadcasting to home receivers is described.

The communication satellite systems considered are the syn-

chronous orbit and the low altitude systems. Calculations are

made of the power requirements.

71,603 STATIC NUCLEAR THEI_iOELECTBIC SYSTEM

FOR SPACE

Kueser, P. E., Merrill, P. S., Tauch, F. G.

Institute of Electrical and Eleciron_ Eng;neer_

Transactions of the, Part ll--Applicafiom and lndu_qh

no. 64, pp. 402-405, January 196,1

A prototype thermoelectric generator is described which

produced 250 w of electric power at sp_-c_.ng operating tem-

peratures. Waste-heat radiators for the system, having con-

stant and tapering fin thicknesses, are discussed. Curves are

presented of performance versus fin number and length for

both tapered and constant-thickness fins. Weight and electric

power capability of a present state-of-the-art thermoelectric

generator-radiator system is presented in curve form and

shows a 945-Ib weight for a 250-w system exclusive of the

reactor and shielding.



PortableThermoelectricGenerators,A.B.NEILD, Jr. SAE--Pa-

per 645A for meeting Jan 14-18 1963 9 p. Development and appli-
cation of portable thermoelectric generators at U S Naval Eng
Experiment Station: schematic cross-section of 2-couple thermo-
electric generator using cubical semiconductor thermoelectric ele-

ments is shown; recent developments In thermoelectric materials.
couple deslgus, and couple compartment fabrication showed prom-
ise for successful generator sizes that can meet present needs

for portable power up to 500 w; thermoelectric generator-powered

beacon light system f,_eled by propane is described. _./ /_.

.... .° o

Design parameters for Thermoelectric Generators, J.L.McCA-
aRIA, N.F. SCHUH. IEEE--Special Publ S-145 Feb 1963 p 72°89.

blethod for evaluating performance capabilities of thermoelectric
generator is presented; fundamental equations by loire and others
are modified to include effective figure of merit of array of
couples, in place of figure of merit of thermoelectric materials;
practical factors such as electrode and contact resistance are
cousldered; performance calculations for typical generator show
that these factors h_ve significant Influence on performance of

lightweight generator. _.,_" i___

@

AD-296 238 DIe. 7

(TISTE/CAM) OTS price _1.60

Martin-Marietta Corp., Dalttmore, Hd.
DEVELOPMENT OF AN ENCAPSULATED TFlERMIONIC POHER
GENERATOR.

Quarterly technical progress rept., 1 Nov 62-
31 Jan 63.

15 Feb 63, 5p. illus. (Rept. no. MND-2945-1)
(Contract AF _ ' '"-_t_,)10077. ProJ. 817_)

Unclassified report

DESCRIPTORS! _Nuclear power plants, aGeners.

tars, _Thermoelectrlcity, Power equipmest,

Metal seals, Cathodes, Electrodes. Refractory
coatings, Processing, Electric power
productlos.

The engineering design of the double diode therm-

ionic power generator has been compl_ted. Fabri-
cation of several component parts has bees

initiated. The parts for the fueled emitters ere

almost completely fabricated w_th only assembly
and final machining remaining. The manufacture

of other generato_ Components including the

co;lector temperature control assembly ned the
ceramic-to-metal seals has been initiated. The
engineering design of the clad fuel elements
kss been completed and the first element, similar

in Configuration to the fueled emitter, has
bees fabricated. The vacuum test chamber has

been fabricated and Is undergoing preliminary
outgasSlng. (Author)

_890I (NYO-9783) POWER FLATTENING STUDIES

FOR RADIOISOTOPE-TIIERMOELECTRIC GENERATORS.

Final Report. R. E. Rush and H. Bclofsky (General Instru-

ment Corp. Thermoelectric Div., Newark, N.J.). Feb. 18,

,1963. Contract AT(30-1)-2783. 132p.

The natural exponential decay of a radioisotope used as

a heat source for a thermoelectric generator makes the use

of a "power flattening" device highly desirable, especially

when the duration of the mission is large compared to the

half life of the radioisotope. Power-flattening devices are

considered which either dump excess heat outside the ther-

moelectric generator or use the characteristics of the gen-

erator to absorb the excess heat and thereby regulate the

hot Junction temperature. A number of power-flattening

devices were studied both analytically and experimentally

with a view to'yard operability in space. The most promis-

ing concepts are (a) to utilize a secondary radiator of

variable area; (b) to provide thermal shunts that are se-

quentially removed during the mission; (e) to use a sec-

ondary radiator coupled to the heat source through a slowly

evaporating thermal connection. (auth) _ _'/-_ ! (o

SNAP II-:,!!nlaturePower Plant for Space Vessel. Mech Power

v ,59 n 699 Mar 1963 p 71-2. Feah:res of mercury vapor turbo-

alternator weighing 30 Ib and dcslgned to run In space for several

years, taking its power from small nuclear reactor; rotatingas-
sembly runs at 40,000 rpm and _-pb._se 115 v alternatorproduces

:output of 3 kw at 2000 cps. _---fc "_

/AD-402 071 Div. 7, 12

(TISTE/CAM) OTS price $4.60

Monsanto Research Corp., Dayton, Ohio.
HIGH TEMPERATURE THERMOELECTRIC RESEARCH.
Quarterly progress rept. no. 5, 1 Jan -
29 Mar 63,
by C. M. Henderson. 29 Mar 63. 42p. incl. illus.
tobies.

(Contract AF 33(657)7387, ProJ. 8173)

Un¢lnaslfied report

DESCRIPTORSz eGenerntors, eThermoelectriclty,
Electric power production. Electric potential,
rhermocouples. Refractory materials, Refractory
coatings, Molybdenum. Graphite. Reliability,
Design, Model tests, Tempernture, Spacecraft.

An experimental model 5-watt (nominal) generator

completed 2556 hrs of a sustained performance
test st s hot-end temperature of 1200 C (+25 C-
4 C). cold'end s' "714 C (+12 C-O C), in •
vacuum of 1/10_-10 to the minus 6th power.

mm HO without degradation in power producing
characteristics. The power/weight ratio of this

generator, exclusive of heat source, ranged from
2.70 to 2.86 watt/lb. Tents at 1300 C and higher
temperatures will be attempted with this gen-
erator. Graphite-ended segmented modules of n-
and p-type thermoelectric materials to supple-
sent p-type MCC 50, the thermoelectric materlsl
used in the 5-watt generator, were fabricated and

partially evaluated. The first such p-n couple
produced 250g more power than the p-type NCC-
molybdenum- couple used in the 5-watt generator.
Improved emissive coatings and lightweight

Junctions between modules were produced. These
developments Suggest that an advanced experi-
mental 50-watt generator having 8 power/weight

:aria of 10-20 watt/lb Is feasible. (Author)i



/222Y_ _tIND-P-2835) SNAP 7D--STRONTIUM-90

FUELED TIIFRMOELECTitIC GENERATOR POWER

SOURCE. TIHRTY°WATT U. S. NAVY FLOAI'ING

WEATIIER STATION. Final Report. C. N. Young (Martin-

Marietta Corp. Aerospace Div., Baltimore). Mar. 15,

1963. Co.tractAT(30-3).217. 102p.

The objectives of the SNAPo7D program were to design,

manufacture, test and deliver a thirty-watt electric gen-

erating system for a modified U. S. Navy NOMAD-class

weather buoy to be stationed in the Gulf of Mexico. The

sixty-watt Sr I° thermoelectric generator, the relay panel,

the batteries, and the installation of the system in a boat-

type buoy are described. In addition to delivering the po_er

supply, many tests were required for the SNAP-7D system

to demonstrate its conformance to the contract statement of

work. The electrical tests of the generator and of the sys-

tem, the shock and vibration tests, and the tests at the en-

vironmental temperature extremes are discussed. (auth)_,_

v16190 ENERGY FOR REMOTE AREAS. J.G. Morse

{Martin Marietta Corp., Baltimore}. Science, 13g: 1175-

80(Mar. 22, 1963).

Radioisotope-fueled generators axe being used to supply

power in small terrestrial and space systems. The fuel

choice, energy conversion ":-:,-_;em, and effects of environ-

ment on the generator design are discussed. Various gen-

erators now in operation or under development axe de-

scried. _

AD-_11B58 DIv. 7, 20. 12
(TISTA/GEC) OTS PRICE |).60

Monsanto Research Corp., Daytoe, Oh|e,
IlIGH TEMPERATURE TIIERMOELECTRIC RESEARCH.

Quarterly progress rept. no. 5, 1 Jan-29 Mar 63,
by C. M. llenderson. 29 Mar 63, 42p.
Contract AF33 657 7387, ProJ. 8173. Task 817302 9

ARC Rept. no. Np12763 Unclassified report

Descriptors: (*Thermal reactors. Generators).

(_Generators. Thermoelectricity). Nuclear
power plants. Spacecraft, Feasibility studies.

Operation. Electric power production, Tem-
erature. Graphite, Molybdenum, Satellites
Artificial), Performance (Engineering).

An experimental model 5-watt (nominal) generator

completed 2556 hrs of a sustained performance
test at a hot-end temperature of 1200 C (+2_ C-
4 C). cold end at 714 C (+12 C-O C), in e vacuum
of (10 to the minus 5th power to 10 to the minus

6th power) mm Hg without degradation in power
producing characteristics. The po,er/welght

ratio of this generator, exclusive of heat
source, ranged from 2.70 to 2.86 watt/lb. Tests
at 1300 C and higher temperatures will be

attempted with this generator. Graphite-ended
segmented modules of n- and p-type thermoelectric

materials to supplement p-type MCG 50, the
thermoelectric material used in the 5-watt

generator, were fabricated and partially evalu-
ated. The first such p-n couple produced 250%

more power than the p-type MCC-molybdenum couple
used in the 5-watt generator. Improved emlsslvo

coatings and lightweight Junctions between
modules were produced. These developments
suggest that an advanced experimental 5g-watt
generator having a po#er/welght ratio of 10-20
watt/Ib is feasible. (Author)

171,510 RADIONUCLIDE POWER FOR SPACE--PART I

ISOTOPE COSTS AND AVAILABILITY

Davis, H. L.

Nucleonics, v. 21, no. 3, pp. 61-65, March 1963

To meet the needs for space-power radionuelides recently

forecast by user agencies such as the National Aeronautics

and Space Administration, the Division of Isotope Develop-

ment has made new, more detailed projections of the upper

limits on isotope availability over the next 20 years, and has

taken steps to expand production in almost all ins'.ances_but

notably for Puz_and to initiate prodt,etion of at least one

entirely new isotope---Ca',4.

71,511 ENERGY FOR REMOTE AREAS

Morse, J. C.

Science, v. 139, no. 3560, pp. 1175-1180, March 92, 196"3

The method of obtaining electrical power from radio.

isotopes is described, and the design concept for a radio.

isotope generator is discussed from the point of view of

(1) the heat source or fuel (alpha-emitter ur _ssion product,
short or long half-life), (2) the energy conversion system

(thermoelectric or thermionie), and (3) constraints impos_!
by various environments and types of missions. Radionuelide

power systems now in operatio, or under development (in-
eluding various SNAP and Transit generators) are described,
and a tame listing the characteristics of the thermoelectric

generator is presented.

AD-411 369 Day. 7

(TISTE/OHD) OTS price $2.60

Battelle Memorial Inst., Columbus. Ohio.
MULTIFUELED TIIERMAL-ENERGY-CONVERSION SYSTEMS.

Quarterly progress rept. no. _, 1 Jan-31 Mar 63,
by H. R. Hazard, G. R. Whitacre, M. R. Sealer,
and A. B. Timberlake. 1963, 18p. Rope. no. )
Contract DA36 039sc90838. ProJ. 3A99 09 OO1

Unclassified report

Descriptors: (*Thermionic converters, Combus-
tion chambers), (_Thermoelectricity, High-tem-

perature research), (*Electric power productioe,
Fuels), Effectiveness. Lead compounds,
Tellurldes,

Operation of several compact combustion chambers
was studied experimentally, and it was found pos-
sible to maintain uniform exit-gas temperatures
of 1100 C to 122_ C when firing charcoal, gree|

wood, animal dung, and small grains. A simuleted
internally fired thermoelectric unit containing
a heat meter and calorimeter, and mlth thermoI
characteristics simulating those of a thermoelec-

tric unit, was designed and tested. Ileat-trsnsfer
effectiveness was far higher than In previous

units, ranging from 58 to 74%; this compares w/ok
corresponding values of 18 to 30% for previous

units. This performance permits design of a
thermoelectric unit. based on lead telluride

technology, having thermal efficiency of about
3.0 _._. (Author)
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Thermoelectric Power Generation-- Ilow Far Are We, J. H._I_EDvr,

power Eng v 67 n 2, 3, 4 Feblgt_3p64-6, Marp56-8, Apr p
56°9. Theoretical and practical aspects of thermoelectric system

analysis; energy conversion process; charac'terlst|cs of perform °
.tt'_ce of various thermoelectric materials; comparison of energy
conversion efficieneles and heat t."ansfer coefficients of pbTe and

germanium silicon alloy thermoelements; limits of thermoelectric

generatoruse. _/_ I_,_%

17607 RADIONUCL1DE PO%%XR FOR SPACE. PART 2.

ISOTOPE-GENERATOR RELIABILITY AND SAFETY.

D. G. liarvey, P. J. Dick, and C. R. Fink (Martin Co.. Bal-

timore). Nucleonics, 21: No. 4, 56-9(Apr. 1963).

The operating experience of SNAP devices in the Transit

4A and 49 satellites is described. Only two power excur-

sions were observed which are probably due to a capacitor

failure in the power conditioning system. The results and

tests indicate that the reliability of the generator unit and

thermoelectric couples will be satisfactory. Exhaustive

proof testing has shown that containment of the radioactive

fuel can be absolutely guaranteed during the launch and

that the fuel will burn up on re-entry at orbl,al velocities.

The possibility of only partial burnup at suborbital veloci-

ties iS an improbable one. (D.L.C.) k3 -_{_ (_@_
-..

24730 ELECTROMAGNETIC TORQUES OPERATING

ON SATELLITES USING SNAP REACTOR POWER SYS-

TEMS. J. It. Bick (North American Aviation, Inc., Canogg

Park, Calif.). AIAA (Am. inst. Aeron. Astronaut.) J,, 1:

963-4(Apr. 19637.

The electro__, agnetic torques developed by the interaction

of the electric and magnetic fields generated by SNAP re-

actor power systems in satellites with the geomagnetic

field are investigated. The torques are expressed as a

function of time in order that they may be used as an in-

homogeneous forcing function in the dynamic altitude con-

trul equations for the satellites. (C.E.S.) /N _ J-_ (_

|9698 (NAA-SR-S097J SNAP AEROSPACE SAFETY

PROGRAM. Quarterly Teet',nieal Progress Report,

October-December 1962. (Atomles Internatior_l. Die.

of North American Aviation, Inc., Canoga Park. Calif.).

Apr. 1, 1963. Contract AT(II-I)-Gen-S. ,10p.

Progress made during the period is reported including

analyses of experiments and tests, and evaluation of effort.

The subject material concerns reactor transient and ex-

cursion tests, fission product release studies, end-of-life

shutdown devices, critical configuration studies, mechan-

ical and thermochemical effects, reactor separation and

fuel element ejection, and reentry burnup of fuel elements.

The design of the SNAPTRAN 2/10A-1 and -2 machines

was essentially completed and fabrication of major com-

ponents was initiated. The fission product release tests

at the NRTS were completed. Some progress was made

on the explosive shutdown projectile design. A practical

shipping sleeve design was demonstrated which will main-

tain the SNAP 2/10A assembly in a subcritlcal condition

as a result of postulated shipping accidents. The Phase [

ground test series were completed. The computer code,

RESTORE, was shown to be excellent for the calculation

of reentry trajectories. The calculation of fuel red heating

and ablation using a digital thermal analyzer program

resulted in an improved and more elaborate analytical

model. {auth) a ¢_ _ ' _ -_

500-w :.. ":._. thermoelectric unit may COme
withl-: i_o ._:ears. A. lL _°eiid. Jr. 11 dla.¢
S A. I_: J 71:32-4 AO '63

,R 5-./T.._ /¢-_

16189 FISSION-FRAGMENT CONVERSION REACTORS

FOR SPACE. C.J. lieindl, W. F. Krleve, and R. V. Megit-

reblian {California Inst. of Tech., Pasadena). Nucleonics,
21: No. 4, 80-5(Apr. 1963}.

A typical fission-electric cell 1$ described, in which •

very thin layer of fissionable material covers a cylindrical
cathode and a second concentric cylinder acts as an

tic.don-fragment collector. Continued open-circuit opera-

tion of the cell should lead to a buildup potential of 4 x l0 t

volts. Among the problems to be solved Is unwanted elec-

tron emission. The research program being carried out oi_

the cell is described together with some experimental re-

suJts_ a voltage of 810 volts has been obtained. An analysts

the cell p_rformance is given. In-pile experiments and

/_.L.c.)h'v°ltage experiments now in progress are describ_{_.N._t:_ i_.

9527 THERMOELECTRI '_. GENERATORS - STATUS 1963.

L.J.Sehrnerzler.
Semiconductor Prod. {USA}, Vol. 6, No. 4, 39-44 {April, t9e3).

Thermoelectric power generators present one of the most

promising technological developments today. Overall thermal effl-
clencles of 2-3_ exist using hydrocarbOn fuels and 4-6_- using

radioisotope fuels at system specific power outputs of 4-8 W/lb and
costs of $30-$100/W. Thermoelectric material costs have dropped

from $1500 to $t00/lb within the last three years and much lower
costs are anticipated as material usage Increases. Overall system

operating thermal efficiencies of 14-18_ at specUle power outoute

el 40-70W/lb o! system are projected for 1980. _:gt_ '_ 158



lh'o, hwt l':_!_h_,,'._rhl_ f-urtll anmml master
dpsi_n _v,.tr_l_. tHonll,h,l,,rtri_ s:.qler_.tor. II

dia¢ ]_l'o_hl,'t i':nc 31:91 .My' 1,1 "6,'1

Development of th_rmooloctric Dower ffon-
erators. R XV. I.'ritts. bibllog il diag IEF:F.
I'roc 51:713-21 My '63

Nuclear Reactor Systems. G.MONTGOMERy ANDERSON. AstrO-
nautics & Aerospace Eng v I n 4 May 1963 p 2?-36. Snap/System
for Nuclear Auxiliary Power) program invc!ves development of 10

systems using compact reactors and radioisotope heat energy
sources; Snap 10A, 500-w (electric output) system uses thermo- .
electric conversion, and Snap 2, 3-kw system employs mercury-
_tpor-turbogenerator power-conversion unit; objectives of orbital
flight tests of Snapol0A and Snap-2 systems programmed for 1964
and 1966; design criteria, features, characteristics, eomponentJ

and various test phases of 2 systems. _./_ • _

Ere,tl_ulated IhCnnoelociric _enerator. L. H.
Griflln. il _i_tcrials In Design EnK 57:116
M_v '63

_pnco electrical power: thermoeleetrio Dower
_yslems. N P. .C_'huh. bll,lio_ II dln_s
A_tronautlcs & Aerospaco En_ 1:80-3 MY
'63

AD-415 _31 DIV. 12, 7
(TISTA/FRL) OTS price $1.75

Lockheed Aircraft Corp., Sunnyvale, Calif.
FLAT PLATE SOLAR TIIERMOELECTRIC GENEnATOR ORBITAL

EXPERIMENT,

by E. L. Brady nnd A. N. Himle. May 63, 57p.
Contract AgO4 6_7 673, ProJ. 8173, Task 817302 12

ASD TDR63 _79 Unclassified report

Descriptors: ('Generators, Thermoelectricity),
(*Generators, Solar radiation), Launch vehicles

(Aerospace), Satellites (Artificial), Polar
orbit trajectories.

The ¢lat plate Solar thermoelectric generator
orbital experiment was performed to obtain data

on flat plate generator panels functioning in an
actual space environment and to correlate these

data with laboratory data. These date extend
the state-of-the-art and define the problem areas
of the concept development and evaluation tech-

olques. Two orbital experiments were performed
on Agena satellite systems in polar orbit. In

each experiment, three thermoelectric generntor
panels were extended from the vehicle on an
erecting oriented boom to approximate the envi-

ronment of an actual generator array. Two of
the six orbited panels produced about 85 percent
of laboratory-measured performonce with no meas-

ured deterioration during the 39 orbits when
data were available. The three panels flown in

the first flight had lower p_rformance

and showed increased performance as a

function of time. The solar intensity

measurement variations were greater than

anticipated. (Author) /@_

¢

AD-_07 _71 Div. 7. 26

(TISTE/JMS) 0TS price $4.60

General Electric Co., Philsdelphio, Po.
ADVANCED SOLAR TIIERMIONIC GENERATORS.

Quarterly technical progress rept. no. 3,

Mar-May 63,
by R. R. Herrick, R. C. Keyser and L. L. Dutram.
June 63, 37p.
Contract AF33 657 8947, ProJ. 8173, Task 817305

16
Unclassified report

Descriptors: "Thermlonic generators, Tem-
perature, Life expectancy, Manufactariag
methods, Rhenium, Tantalum, Molybdenum,
Electron beams, Welding, Brazing, Cathodes

Electric potential, Electric currents,
Cesium. Solnr radiation.

Fabrication of advanced solar thermloaic con-

verters, both B and C series, is outlined.
noting the sigflificant problem areas. Results
of testing of the B series have given per-
formance up to 9.6 watts/cm2 at 19_0 I and _.O
watts/cm2 at 1550 K. Converter C-_ has con--

pleted a 510 hour test, including 2_G _ours of
thermal cycling. Electron beam welding of
rhenium _esulted in a brittle phase and leaking

joint.- (Author) '_
/

AD-407 384 D|v. 7

(TISTE/JBM) OTS price $1.60

_estinghouse Electric Corp., Lima, Ohio.
SOLAR TIIERMOELECTRIC GENERATOR SYSTEM CONCEPT
AND FEASIBILITY STUDY.

Quarterly rept. no. _. 15 Feb-15 May 63,

by J. L. McCabria. I_ May 63. 13p_
Contract AF33 657 8089

Unclassifiedreport

Descriptors: "Thermoelectrlclty. nSolar
radiation. "Generators. Feasibility studies,
Models (Simulation). Spacecraft, Electric

power production, Theory, Life expectancy.
Lithium compounds, Hydrides. Stainless steel.
Thermocouples, Storage. Thermodynamics, Tests.

Research continued on a program to establish the
feasibility of a solar thermoelectric generator
for use in space vehicles. All of the thermal
storage units planned for evaluation have been

tested and analyzed. The final unit was cycled
for over 1000 hours. From an initial value of
92.5% lithium hydride within the container

91.1% still remained. An extension program
has been finalized and work initiated on it.

CAutkor)
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"29076 (TID-18996) IIIGH ACCELERATION FIELD

HEAT TRANSFER FOR AUXILIAIiY SPACE NUCLEAR

POWER SYSTEMS. Quarterly Technical Report, March l

to May 31, 1963. H. F. Poppendiek, N. D. Greene, F. R.

MacDonald, C. M. Sabin, and R. K. Ltvett (Geosclence Ltd.,

Solano Beach, Calif.). Contract AT(04-3)-409. 22p.

(GLR-14)
The liquid-metal heat-transfer system was operated

with both water and mercury to date. Nonbotltng water

heat-transfer conductances were found to differ from pre-

dicted _-alues by 6 to 15%. A low-power, nonbolling heating

experiment was conducted using mercury; heat balances

accounting for over 90% of the electrical input were ob-
tained. A radiantly heated boiler test section which will be

used for high-quality experiments was construct_! and all

associated instrumentation procured. Preliminary exper/-

ments were conducted of the vaporization of water droplets

on a hot surface. A number of materials evaluation studies

were made in support of the liquid metal system. Three

forced-flow, saturation-boiling heat-transfer models were

evaluated and compared. Information on axial boiling cos-

ductance variations for different types of vapor-llquld

patterns was obtained. Also, one model has yielded data on

wall temperature transients in a boiler under slug flow

conditions. Analytical studies were made of the vaporiza-

tion of liquid drops contiguous to a hot wall; droplet life-

times and thickness of vapor films between the droplet and

hot wall were determined. (auth) /0 _, t_ i b "_

26927 RADIOISOTOPE POWER SOURCES. J.P.

Culwell (Atomic Energy Commission, Washington, D. C.).

IAFA Prcprint No. CN-14/41. lap. (TID-18754|

To be published in proceedings of Conference on the

Application of Large Radiation Sources in Industry, held

in Salzburg, Avstria, May 27-31, 1963.

Radioisotope power systems are particularly suited for

remote applications where long-lived, compact, reliable

power is needed. Able to perform satisfactorily under ex*

treme environmental conditions of temperature, sunlight

and electromagnetic radiations, these atomic batteries are

attractive power sources for remote data collecting de-

vices, monitoring systems, satellites, and other space

missions. Radioisotopes used as fuels generally are either

alpha or beta emitters. Alpha emitters are the preferable

fuels but are more expensive and less available than beta

fuels and arc generally r_servcd for space app|icatlons.

Beta fuels separated from reactor fission wastes are being

used exclusively in land and sea applications at the present.

Prototype thermoelectric generators, fueled with stron-

tium-90 and cesium-137, are now in operation in weather

stations, marine navigation aids, and deep sea monitoring

devices. Plutonium-238 thermoelectric generators are in
,/orbit operating as electric power sources for TRANSIT

satellite. Rigid safety requirements are established and

extensive tests are conducted to insure that these systems

can be empioyed without creating undue hazards. (autht _'_]-I1_ I

3|088 (NYO-I0462) ECONOMIC FACTORS OF MFP

THERMOELECTRIC GENERATORS. Final Report. E.J.

Lemanski (General Instrument Corp. Thermoelectric Div.,

Newark, N.J.). May 1963. Contract AT(30-1)-2605. 40p.

Economic aspects of power genpration from underwater

thermoelectric generators fueled with Mixed Fission Prod-

ucts (MFP) are given. Costs are estimated to be less than

$0.15 per thermal watt for two year old MFP. Studies are

on a conceptual design of a unit capable of withstanding

pressures equivalent to 18,000 feet submergence on the
ocean bottom and 300 year containment of the nuclear heat

source. Low cost bio_-ogical shields of both high density

concrete and cast iron were considered. Studies establish

the possibility of power costs as low as $10 per watt-year

in the kilowatt size, to $I00 per watt-year In the 10 watt

range. A comparison of the MFP generator with an equiva-
lent SNAP-7 strontium-90 type indicates that the MFP

power costa are far below those for separated radioisotope

power, primarily because the highest cost item in the SNAP

unit is the purified strontium-90 fuel. A one kilowatt MFP

unit would weigh in the order of 20 to 30 tons maximum de-

pending on fuel energy density, and have a diameter of 6 to

10 feet. Optimization studies were made for such factors

as fuel geometry, fuel age. energy density, and insulation

"_blckness to determine the most productive areas of reduc-

ing the original cost and overall weight estima1,*s.t_a,u_]_

35224 NUCLEAR REACTOR SYSTEMS. G. Montgom-

ery Anderson (Atomic Energy Commission, Washington,

D.C.). Astronaut. Aerospace Eng., 1: No. 4, 27-36(May
1963).

The objectives of the orbital flight tests of the Snap-2

and Snap-10A are briefly outlined. Fundamental criteria

for safety throughout all phases of the flight test are given.

The flight design of the reactor, shield, thermoelectric

generator, thermoelectric pump, and structure of the

Snap-2 and -10A systems are also discussed. The per-

formance characteristics of the Snap-2. -8, -1OA are

l_resented. (C.E.S.) Ai ¢._ I _"_

J3S22S ORBITAL TESTING OF SNAP SYSTEMS.

George E. Austin (Air Force Systems Command, Los An-

geles). Astronaut. Aerospace Eng., 1: No. 4, 37-42(May

1963).

Objectives to be accomplished in orbital testing of Snap-2

and Snap-10A are outlined. The ability of vehicle compo-

nents and subsystems to survive in the radiation environ-

ment, mechanical, thermal, and electrical interface

problems unique to the utilization of nuclear power, and

radlological safety precautions and procedures to be estab-

ll.qhadin the orbital testing of Snap systems are discussed.

/(C.E.S.) r; _r_' b _
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80,604 ORBITAL TESTING OF SNAP SYSTEMS

Austin, G. E.

Astronautics and Aerospace Engineering, v. 1, no. 4,

pp. 37-42, May 196,1

Orbital proof tests of SNAP-IOA and SNAP-2 are con-

sidered as necessary steps toward the uhimate emergence of

large space nuclear powcrplants. Nuclear power also has ad-

vantages in the sub-kilowatt and low kilowatt ranges where

solar power is competitive. Flight-tcstiqg program responsi-

bilities are given.
I

Thermoelectric Power Systems. N.F.SCHUH. Astronautics &
Aerospace Eng v 1 n 4 May 1963 p 80-3. Review of present state
of art shows that against background of several years of basle
studies, and recent progress with available materials, emphasis
shire to dcMgn of practical devloes for space systems; making of
g..-_,d electrical contacts between thermoelectric materials and con-

ductors in couple received greatest development effort _-'rhkl p_t=t
$ yr; description of 3 contacting methods; various thermoelectric
couple configurations; overail efflclenclesof space thermoelectric
systems under development vary from 2'Y0for nuclear system to

4% for solar-powered system• _._"_ , _"

" 80,t_05 NUCLEAR REACTOR SYSTEMS

Anderson, G. M.

Astronautics and Aerospace Engineering, v. 1, no. 4,

pp. 27--36, May 1963

Orbital flight tests of the SNAP-IOA and SNAP-2 systems

are programmed for 1964 and 1966. The objectives of these

flights are to (I) demonstrate SNAP-IOA and SNAP-2 for

use as operational systems, (2) observe time-dependent oper-

ational characteristics in space and establish time-to-failure

in diagnosing failure modes, (3) demonstrate the planned

procedures for safety, ground handling, launch, and remote

start-up in orbit, (4) resolve SNAP-vehicle integration prob-

lems, such as thermal compatibility, radiation-dose mapping,

and shielding, that are difScult to determine on Earth, and

(5) demonstrate the boiling and condensing features of

SNAP-2 in "zero gravity."

Thermoelectric Generators for Battery- Charging Applications, D.
W.BARGEN. Advanced Energy Conversion v 3 n 2 Apr-Jtme 1963
p 507-14. Details are givenofgeneratorwlthoutput of approximate-
ly 10 w, designed and cor.structed for use as source of power for
Coast Guard navigational aids; heat-to-electrical energy conversion
efflclencles nf upto 8.5%were observed immediately after construc-
tion; completed generator with gas buiJ_er yielded chemical-to-
electrical energy conversion efficiency of 4.9%. _ 1,._

• Radlonucllde Power Sources, J.G.MORSE. BritInterplanetarySoc
--J v 19 n 3 May-June 1963 p 87-92. Paper reviews fundamental
characteristics of power sources in which decay heat of radioiso-
tope is converted into electricity by some d!rect energy conversion
device; thermoelectric converter in present devices; work carried
out in U S Atomic. Energy C,"mmission'a SNAP Program is de-
scribed.'lncludlng experiments to study operational safety, and par-
ticular sources developed for Transit and Communications satellites

/and for Surveyor lunar probe. _ t _f _

80,748 TIIERMOELECTRIC PO_rER SYSTi_MS

Schuh, N. F.

Astronautics and Aerospace Englneedng, v. 1, no.

pp. 80--8_ May 196,1

The advanced state of development of thermoelectric powea"

systems, attributed to basic studies and recent progress with

available materials, is discussed. Systems are now being used

or considered for power levels of a few watts for navigation

satellites to several kilowatts for larger spacecra|L

80,340 TIlE DEVELOPMENT OF TIlERMOELECTRIC

POWER GENERATORS

Fritts, R. W.

IEEE, Proceedings of the, v. 51, no. 5, pp. 713-7_-!,

May 1963

The technical developments that have led from early semi-

conductor research to the emergence of the thermoelectric

generator are reviewed.

26?24 SYSTEMS FOR NUCLEAR AUXILIARy POWER.

Atomics, 16: No. 3, 18-23(May-June 19631.

An outline is presented of the SNAP program. The power

requiremenls of Communications satellites are examined

briefly. The organization ,f the SNAP program Is described

briefly, and the characteristics of the various SNAP pro|°

eats ;_re tabulated. The radioisotope and reactor projects

are discussed, particularly the SNAP-50/SPUR. (D,L.C }
. _e_/_ 0 3"

26100 SNAP-50/SPUR REACTOR DEVELOPMENT.

Frank D. Ilaines (Atomic Energy Commission. Mlddletowa.

Conn.}. Trans. Am. Nucl. Soc.. 6: 88(June 19631. r,l'j_/I.P
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31767 I_M)IONUCtlDE POWER SOURCES. J.G.

Morse (Martin Mari,.tta Corp., Baltimore). J. Brit. Inter-

planet. Sot., 19: 87-92{May-June 1963).

A review is given of the fundamental characteristics of

power sources In which the decay heat of a radioisotope is

converted Into electr:city by some direct energy conversion

device--a thermoelectric converter in present devices.

Some work carried out in the U. S. Atomic Energy Com-

mission's SNAP Program is described, including experi-

ments to study operational safety, and particular sources

developed for the Transit and communications satellites

_nd for the Surveyor lunar probe. (auth) /v'_ f(e _.)

" AO-407 489 DlVo 7, 25

(TISTE/JBM) OTS price |2°40

General Instrument Corp., Newark. N. J.
SOLAR FLAT PLATE TIIERMOELECTRIC GENERAT0|

RESEARCH.

Quarterly rept. no. 1. 1 Mar-1 Juse 63.
15 June 69, 14p.
Contract AF33 657 10335. ProJ. 8173, Task 817302

Unclassified report

Descriptors: *Solar panels, *Thermoelectrlcity.
*Generators, Test equipment (Electrosics),

Tests, Optical coating. Electric power produc-
tions, Solar radiation, Spacecraft, Fixed cos-'
tracts. Plastics, Aluminum. Design. Structural
parts. Optical properties, Thermal rsdlstiou.
Semiconductor. Tellurium alloys. Bismuth alloys.
Lead alloys, Processing, Nickel, Gold, Aluminum.

Reflectors, Honeycomb cores, Sandwich construc-
tion, Bonding. Temperature.

Research concerns the development of solar flat
plate thermoelectric generators for spacecraft.

A solar flat plate thermoelectric generator con-
sists of a collector plate with an optically se-
lective coating, small size semiconductor thermo-
elements, a radiator plate and a support struc-
ture. Three months of research and development
work on this space auxlllary power system is
described. The technical problem areas Investi-

gated include; collector coatings, thermoelectric
materials ard contacts and support structures.
Collector coating samples suitable for evsluatlos

.

,_ 28578 RADIOACTIVE POWER SUPPLY SYSTEM.

Ernest G. Linder (to U. S. Air Force). U.S. Patent

3.093,788. June 11, 1963. Filed Aug. 26, 1955.

A lightweight, simplified system for radioactively gen-

erating electrical energy for missiles and rockets is de-

scribed. The system consists of two electrically conduc-

tive bodies of quite unequal sizes connected through the

work load, this entire system being enclosed in a vacuum

or other non-conductive non-ionizable medium. Emission

of charged particles by a radioactive coating on the smaller

body results in a potential difference across the load au

charged particles flow from the larger body. (D.C.W.)

3108b (NP-129_) ItlGII TEMPEItATUItE TtIERMO-

ELECTRIC IIESEARCII. Quarterly Progress Report No. 6,

_/areh 29, 1963-June 28, 1963. C.M. llenderson (Mon-

santo Research Corp. Dayton Labs., Ohio). Contract

AF33(657)-7387. 83p.

The experimental medici g_ne_ _tor, previously operated

for 2556 hr at 1200"C in a vacuum of tO -5 to 10 .-4 mm Ilg

without degradation of power output, was disassembled and

examined. No physical change or damage to its MCC 50-

graphite thermoelemcnts was found. Formulations of new

p- and n-type thermoelectric materials, to supplement MCC

50, were standardized and techniques developed for forming

them into segmented thc,.,oeicments. Realistic measure-

merits of segmented p- and n-type thermoelements showed

that effielencies ranging from 3% for p-type to 6% for n-type

can be attained for such units when operating between 1200

and 460°C. Emittance measurements on a new coating for

use on the copper radiators of the advanced experimental

model generator, or the _utface of space vehicles, showed

that it is capable of ¢'s ranging from 0.9 at 500"C to 0.98 at

900"C. Progress in overcoming hot-pressing problems and

flame-spraying techniques concerned with making seg-
mented thermoelements is described and a detailed design

for an advanced experimental model generator capable of a

nominal 50 watts output at ~10 watt/lb ratio is presented.

/_th) ,,re F 'to3

/3523| ADVANCED 1-MEGAWATT SPACE POWER

PLANT STUDY. L. Schipper, R. S. Siegler, and E. B.

Zwick (Rocketdyne, Canoga Park, Calif.). New York,

American Inst. of Aeronautics and Astronautics, 1963,

Preprint 63-270, 61p., $1.00. (CONF-97-8)

From Summer Meeting, Los Angeles, June 1963.

The potential of an advanced nuclear thermomeehanical

ey=_em was investigated. A 1-megawatt power level was

chosen for this ._tudy because it is within the range of

interest of the anticipated power requirements for the next

decade. The study considered the effects of such advanced

components as the belt radiator and the Nadyne generator.

The system is a double-loop type with the primary reactor

loop using lithium as the working fluid. Both potassium and

rubidium were investigated as working fluids in the sec-

ondary Ranklne loop. Many variations of the basic Rankino

cycle were studied, including both wet and dry expansions,

reheat, and superheat. Particular attention was given to

exploring the broad interaction between components of the

system, as well as to the weight and performance effects

on key components because of changes in such prime varia-,

bles as temperature, power level, and meteoroid puncture

probability. Some of the dry cycles evaluated have per-

formance capabilities equivalent to or better than the cur-

rently proposed wet cycles, even when operating between

the same temperature limits. The use of a dry cycle would

eliminate wet-vapor erosion in the turbine as a major

problem in the development of alkali-metal turbines. Dry

cycles also appear attractive when combined with the use

of a belt radiator that optimizes at a lower heat-rejection

temperature than a conventional radiator. The higher-

cycle temperature ratios achievable can lead to substantial

improvement in thermodynamic cycle efficiency and lower

system weight. (auth) J_5/_ ' _¢_.

Etnctency calculatlons of thermoelectric een-
er_tors with t,'mper_ture varYln_ param*
eters. R. "_V Cohen and B. Abeles. J AP
l'hvs 31:1687"8 Je '63



85_8 FFF|CIENC¥ CALCULATIONS OF TIIER_IOELECTRIC

GENERATORS WITI[ TEMPERATURE VARYING PARA-

METERS. R.W.Cohen and B.Abeles.

J. appl. Phys. (USA), Vol. 34, No. 6, 1687-8 (June, 1965).
A simple analytic expression for the efficiencyof a thermo-

electric power generator with temperature varying parameter8 |s
ob(ained in terms of temperature averages of these parameters.

The expression i_ derived assuming that the Thomson effect may

be treated as a small perturbation on the heat now In the generatOr.

The assumption Is alSo made that half the Thomson heat generated

{abSorbed) in the generatOr flows to (from) the hot Junction and the

other hail flows to (from) the cold Junction. Using this method, the

performances of three hypothetical generators are calculated and
found to be in excellent agreement with exact machine calculations.

UNCLASSIFIED

I16784 STUDY OF SNAP POWER SYSTEMS IN THE LUNAR ENVIRONMENT,
VOLUMEI

Ackermann, W. 0.; Wir_aer, R. E. (et al)
July I, 1963 Unclasslfied

AComics International (R-AI-8576, Vol. I)
NAS 3-2530 (Projects: SNAP)

Report

The purpose of this report is to define the environment,

the _ower requirements, and the general characteristics of the
nuclear power supply for lunar operations. While other lunar

applications for nuclear power plants exist, the primary emphasis
has been placed on the instaIIation for a base.

34078 THE THERMOELECTROMAGNETIC PUMP.

S. Hufnagel (Technische Hochschule, Munich). Kernteehnik,

S: 286-93{July 1963). (in German)

An electromagnetic pump that is simultaneously designed

as a thermoclement So it can produce its own power current,

heated either from the outside or from the inside by the

pumped material (liquid metal) is described. Such a pump.

of which the initial model containing' a couver constant ther-

r,':'n_cnt and the operating results are described, appears

p:..c_ljriy useful for revolving suitable primary coolant_
.s euclear reactors since it can operate in a capsule,

_r,_c¢.free, and without wear and tear, is partly self-

t,4.al_Ung and, at the same time, acts as a heat-transfer

_.ft between the primary coolant and a secondary material

•_H!D vower eonvers!on. W. l_.. Gunson and
others, bibl_o_ diags Nucleonics 21:43-7 Jl
"f,3

Conpa'rison of solar-thermal and solar-elee*
trical-thermal propulsion methods. H. D.
I.inhardt. bibliog it diag AIA.A J 1:156g-7S
J1 '63

J31730 (NAA-SR-8468) STATISTICAL TREATMENT

OF HOT CHANNEL FACTORS FOR COMPACT REACTORS.

P. D. Cohn and H. A. Evans (Atomics International. [}iv.

of North American Aviation, Inc., CanoEs Park, Calif.).

July 15, 1963. Contract AT(ll-1)-Gen-$. 39p.

The theoretical development, statisticaltreatment, a_d

application of hot channpl fsc_.-_ in compact SNAP reac-

tors as represented by the SNAP 8 experimental core Ioad-

ing are presented. The channel and rod power effectsof

variation in the concentrations of uranium, hydrogen, a_d

poison in the fuel rods are given. The statisticaldistribu-

tions of all variables are examined. A random selecUon of

rods and channels is compared to the ac_al SNAP 8 con-

figuration, with no difference noted. Confidence llmita are

set on hot rod and hot channel factors. Various other fac-

tors and aspects of the problem are discussed. The results

of the study showed that the hot channel factors may be re-

duced to less t_han+ _ over the numlnal power, as opposed

to a hot channel factor of about +10% as previously deter°

mined by empirical methods. (auth) _J _l_ (¢ _



10925 lqERNST-ETTINGSHAUSEN (TRANSVERSE) ENERGY

CONVERSION. T.C.Harman and J.M.Honlg.

Semiconductor Prod. (USA), VoL 6, No. 7, 19-24 (July,1963).

The utilizationof the Nernst and Ettlngshausen (NE) effects in

direct energy conversion is discussed. The operation of generators

and refrigerators is described qualitatively. Equations specifying

their operating characteristics are cited and compared with those
pertaining to the usual thermoelectric devices. Criteria are deve°

loped which show the conditions that one should attempt to meet in
order to attain the most efficientenergy conversion with NE genera-

*ors and refrigerators. Bismuth and Bt-Sb alloys show promise ;to

materials for these energy converters, since figures of merit of

0.4 have been observed. ItIs stressed that the search for new

materials should not be limited to substances with low thermal

conductlvltles or equal hole and electron mobilltles. _ _--/A t_,

14228 LIQUIDS FOR THERMOELECTRIC GENEII/t_()N.

J.W.Gardner.

Engl. Elect. J., Vol. 18, No. 4, 16-21 (July-Aug., 1963).

A review is made of the potentialities of semiconductlngliqulds
and molten salts as thermoelectric generators, with an initial

rec_pltulatlon of the maln facts about thermoelectrlcs In general.
The main incentive fog -Jstng liquid thermoelectr|cs are the higher

temperatures at which they may operate, giving consequently higher
Carnot cycle efltclenctes. Material efflclencles, on the other hand,
are difficult to determine for liquids because of the measurement

of thermal conductivity (K) at high temperatures involved. For
Instance, the best experimental results we now have are for molten

cuprous sulphide, and they give K with an uncertainty of i 20%.
Nevertheless, results up to now obtained for semlconducting liquids
suggest that their material efficiency may significantlyexceed the

best values for solid thermoelectrics, and ifthey prove to be

economic, they might be used in thermoelectric generators to give

greater overall efficiency. The increase in efficiencycould be Just

enough to make thermoelectric generation economic .%r "topping"

unlt_ supplemerding conventional turbo-generators. As for molten

salts, In particular, they may offer advantages in situations where

their electrolytic properties could be exploited. W.P.S.Lepec_!

AD-415 024 Die. 7" '" " _ ' _

(TISTM/AMS) OTS price $2.60

Westinghouse Electric Corp., Lima, Ohio.''"
SOLAR THERMOELECTRIC GENERATOR SYSTEM CONCEPT "'
AND FEASIBILITI STUDY.

Quarterly rept. no. 6, 1_ May-IS Aug 63, /

by J. L. McCabrla and _. A. Naumer. 1_ Aug 63,
2)p.
Contract AF33 657 8089, ProJ. 8173, Task 817302
10

Unclassified report

Descriptors, (mGenerstors, Solar radlatlos),
("Solrr radiation, Generators), (aThermoele¢-

tricity, Solar radiation), Design, Feasib|llty
study, Tests, Life expectancy, Experimental
data, Gamma rays, Electric power productloa,'

Lithium compounds, Hydrides. Models
(Simulators).

Ground level - natural sunlight testing of the
solar powered thermoelectric generator has bees
completed. Evaluation of the test data has

shown that the short within the generator, which
occurred during simulated altitude evaluation,
has been repaired. Maximum power output ob-
tained during solar testing was 20 watts. The
waste heat radiator was operated st a lower tem-
perature than would be encountered In s space

atmosphere. The rate of heat Input to the
thermopile was therefore greater than that to
be expected under space flight conditions. Thls
shortened the cycle from 90 to 83.3 minutes. The

i_tegrated average for an 83.3 minute cycle is
17.82 watts or 24.8 watt hours output. The over-
all efficiency for the cycle is 3.55$ including

convection losses. Assuming the collector con-
Centrator efficiency to'be 86.6$ the generntor
efficiency including reradiatlon but excluding

convectlon losses from the vaclty is A._3_.
(Author)

Flat Plate Solar Thermoelectric Generator Orbital Experiment.

G.W.GLASSBURN. IEEE--Trans on Aerospace y AS-I n 2 .Aug
1963 p 1396-1403. Preliminary analysts of orbital flight data.
ground-test data. and correlation of orbital and ground-test re-
sults from flat plate solar thermoelectric generator orbital ex-
periment; flight established that correlation of ground and orbital
tests can be accomplished with reasonable success even t)umgh

panels deterlorafe significantly. _-_ _. _,

" 3?368 IMPROVEMENTS IN OR RELATING TO ELEC-

TRICAL POWER SOURCES. (to Telefunken GmbH). Brit-

ish Patent 936,165. Sept. 4, 1963. Priority date Mar. 9,

1960, Germany.

A semiconductor power source, In which at least one p-n

Junction is Irradiated to prc,..duce electrical power, Is

patented. A fl source, such as Nt s_ or Pd *oT, is placed in or

near the blocking layer in the semiconductor. The source
should not exceed ~100 key to prevent damage to the semi-

conductor crystals. The _ rays cause more electrons than
normal to be lifted from the valency band Into the conduc-

tivity band, resulting in au increased charge carrier forma-

tion and generating a voltage at the D-n Junction. {M.P.G.}



DesignParameters for Thermoelectric Generators, J.L. MoCAB-
RIA, N.F.SCHUN. IEEE--Trans on Applications & Industry v 8_
n 68 Sept 1963 p 296-300. Method for evaluating performance ca-
pabilities of thermoelectric generator is presented; funda.-'a,ental
equations by loire and others are modified to include effective
figure-of-merit of array of thermocouples In place of flgure-of-
merit of thermoelectric materials; practical factors such as
electrode and contact resistance axe considered; performance
calculations for typical generator show that these factors have
significant influence on performance of light weight generator,

Paper 62-1151. L_':_L"- !_-'_

SNAP 8 Reactor and Shield, C.E.JOHNSON, C.A.GOETZ. AIAA

J v ! n 10 Oct 1963 p 2355-61. Summary ofSNAP 8 reactor de-

sign and shielding requirements; 35-kw electricalpower supply

for use on spacecr_dt employs nuclear reactor heat sovrce to
drive mercury Ranklne cycle turbcalternator;major performance

objectives axe 600 kw of therma_ power, 1300 F NaK outlettem-

perature, 10,000 hr endurance, orbital startup and automatic
control, high rel!_Lbt!ity, and low weight; use of 550 lb reactor
imposes restrictionson spacecraft design; s_eld weightcam vary
from few hundred to several thousand pounds, depending on pay-

load dose tolerance and spacecrdt configuration. _" T" 1_,¢

Nuclear coffee can; contains thulium-IT0
modules as heat source. 11 Product Eng 34:
56-70 28 "63

Experlmental Thermoelectric Generator,S.M.TIIIRD,G.E.HARE,

in,in Elec Engrs--Proc v II0 n 10Oct 1963p 1829-36. Low power
device, simulating _ection from megawatt output generator Is de-
scr_-bcd, built to test new idea for arrangement of thermoelements

around cylindrical pipe; device uses bismuth tellurldetype thermo°
elements and operates hetween condensing vapor _o,arce at 250 C,
and sink Of ¢'ooling ,_ter at about 20 C; m.'tximum measured ef-
ficiency was 2.1'_ at 13 w output; Improvementt in contact tech-

niques, and use of material such as copper for body of gene_'atOro

should lead to effieiencies of about 5T_. Paper 4300S, _._'_ _-t_

AIterna:ting cu'r'rer_t: "thermoelectric generator.
H, B. Nottage and P. L. Winskei|. tl diags
A S M H Trans set A 65:311-23 O '$3

/527 (NASA-TN-D-2070) A NUMERICAL ANALYSIS

OF DIRECT NUCLEAR ELECTROGENERATOR CELLS

THAT USE CERIUM 144 BETA-EMITTING RADIOISOTOPE

SOURCES. Allan J. CoheL'. (National Aeronautics and Space

Administration. Lewis Research Center, Cleveland).

Dec. 1963. 56p.

An analysis of a radioisotope electric cell that uses the

beta emitter, cerium-144, was undertaken. The analysis,

which relies on formats set forth for fission electric cells,

takes into account the pertinent physical constraints in a

more accurate marmer than has been done previously. Re-

suits from the analysis are presented in tables and as

representative plots. Comparisons between accurate and

approximate solutions are also included. (auth_ _l(0 q

Cooling Devices for Thermoelectric Generator, D.G.GRITTON,
Y.S.TANG. Chem Eng Progress _'mposium Serv 59 n 41 19_3

p i8-24, r, esign meti_ods and performance data for heat ,=|ee-
tlon devices applicable to thermoelectric generators; first one,
_tre-colled extended surface, removes heat through natural con-
vectlon mode; second one, transverse-finned surface, makes use
of forced convection heat transfer for relatively large power

o-tm unit.. EJ=/&'_

_'2356_ AEROSPACE NUCLEAR SAFETy PROGRAM.

W. K. Kern and G. B. Cor+_Or. p.25-8 of "Nuclear Safety.Col. 4, No. 3."

A program is being conducted on the safety of the opera-

tion of reactors and radio,-so.uvic thermoelectric genera-

tors, particularly SNAP devices° in Space. The possible

aerospace environments to which the dev._ces might be sub-

Jected are outlined, and the scope of the program Is de°

scribed. The ground environment studies, flight tests, and

excursion tests are discussed. (D.L.C.} _j_ ,_ , _._

_20149 (BNL-756(p.I-18)} DEVELOPMENT PROB-

LEMS OF SNAP REACTOR SYSTEI_LS. G. Montgomery

Anderson (Division of Reactor Development, AEC).

Materials problems in the SNAP systems imposed by

the launch and space environments that are accentuated

by a requirement to push to higher temperature levels and

endurance than can be met by some of the more conven-

U_aal materials are discussed. Three SNAP systems, 10A

2, and 8, are considered. One basic objective of the SNAP

reactors Is that the N H (number of hydrogen atoms/cc x

10 -it) must be maximized to achieve a minimum system

weight. It Is shown that fuel stability at elevated tempera-

tures forces a compromise between allowable NH and max*

tmum reactor Operating temperature. Problems with sys-

tem actuators, motors, wiring, and.electronic components

that must operate In a radiation field under vacuum at

elevated temperatures are described. (M.C.G.)N, % _ ¢(03

1619", SNAP*7A, 7B, AND 7D (Engineering Materials).

(Martin Co. Nuclear Die., BaltimoreJ. 8 drtwingl.
(CAPE-93?}

These Systems for Nuclear Auxiliary Power use heat that

is produced by the decay of Sr m to generate electricity It

thermoelectric converters. SNAP-7A and ?B are 5- and

30-w respectively, thermoelectric generators used by tim

U. S. Coast Guard in operating lighted marine aids to navf.

gation. Converters and generators supply 10 and S0-w°

SNAP-7c and 7D axe also 5- and 30-w power supplies used

by the U. S. Navy to provide power for unmanned, remote,
automatic weather stations. The systems operate without
moving parts (F.L.S.}

16,5



UNCLASSIFIED

117473 A PARAMEIRIC STUDY OF DIRECT NUCI_AR ELECTROCENERATOR CELLS
117474 USING A BETA EMITTING SOURCE (AIAA Electric Propulsion

Conference, Broadmoor Hotel, Colorado Springs, Colorado,
March 11-13, 1963)

Cohen, Allan J. & Low, Charles A., Jr.
Unclassified

American Institute of

Aeronautics & Astronautics
P-63-048-B

A design analysis has been completed for direct nuclear
electrogenerator cells using the beta emitting radioisotope cerium

144. The physical phenomena that complicate the design are the beta

particle energy spectrum, the energy losses in the fuel and the sup-
port foil, and the relativistic motion of the particle in the electric
field. This study shows that within r,.asut_able construction and phys-

ical limits a simple, efficient, and lightweight direct nuclear
electrogenerator can be designed for space power uses.

"1685 (MND-P-27()?) STRONTIUM-90 F'UELED

THERMOELECTRIC GENERATOR POWER SOURCE--

FIVE-WATT U. S. NAVY WEATHER STATION. Final Re-

port. (Martin-Marietta Corp. Aerospace Die., Baltimore).

[ndl. Contract AT(30-3)-217. 127p.
The SNAP-7C 10-watt Sr te thermoelectric generator,

the converter, batteries, and weather station housing that

were delivered to Antarctica in December 1961 are de-

scribed. Thermoelectric analysis, thermal analysis, fuel

form and shielding requirements, generator assembly,

electrical system, operational tests, and em'ironmental

testing are discussed. (M.C.G.} _ t(0-5

L'20166 (BNL-756(p.294-325)I DEVELOPMENT OF

SNAP 2 HEAT TRANSFER COMPONENTS. W.D. Leonard

and R. D. Keen (Atomics International. Die. of North

American Aviation, Inc., Canoga Park, Calif.).

The development of 6 SNAP 2 heat transfer components

is described. These are the expansion compensator, the

parasitic load heater, the flow trimmer, the orbital start

pump, the radiator-condenser, and the auxiliary ground

heater. Results of system tests are discussed. (M.C.G.L -

'14443 PORTABLE TllERMOELECTRIC GENERATORS.

A. Bayne Neild, Jr. (Naval Engineering Experiment Station.

[Annapolis]). Preprint 645A. Detroit, Society of Auto-

motive Engine_rs, 1963. 9p. $1.00.

Paper from Automotive Engineering Congress, Detroit,

Jan. 1963.

The inherent advantages of quiet operation, few moving

parts, and compact and lightweight construction make ther-

moelectric generators desirable for powering certain

specialized military equipment. Recent developments In

thermoelectric materials, couple designs, and couple corn-
art om_SSs_*partment fabrication have shown promise "........ _,i

generator sizes that can meet present needs for portable

power up to 500 w. (auth) _ :)/._ I {0 "_

'33391 A PARAMETRIC STUDY OF DIRECT NUCLEAR

ELECTROGENERATOR CELLS USING A BETA EMITTING

SOURCE. Allan J. Cohen and Charles A. Low, Jr. (Lewis

Research Center, Cleveland). New York, American In-

stitute of Aeronautics and Astronautics, 1963, Prepriat
6304gB. 15p. (CONF-10-57}

From Electric Propulsion Conference. Colorado Springs.
Colo.. Mar. 1963.

A design analysis is completed for direct nuclear elec-

trogcnerator cells using the beta emitting radioisotope

cerium-144. The physical phenomena that complicate the"

design are the beta par_cle energy spectrum, the energy
losses in the fuel and support foil, and the relatlvlsUo

motion of the particle in the electric field. In addition to

these physical restrictions, the various cell parameterl

such as radius ratio, fuel layer thickness, support foil

thickness, and collector thickness are interrelated in such

a Complex manner that the IBM 7090 digital computer Is

required to find the characteristics of the cells. Cylindrical

and spherical geometries are studied to determine the

minimum weight per unit power. The main details of the

mathematical operations performed by the computer are

outlined along with information pertinent to the input re-

qutrements and results of the program. The simple cal-

culations necessary to complete the description of the

specific cells are indicated. The cell characteristics that

result from these procedures are the operating voltage,

current and power per unit area, the temperatures of the

emitter and collector, and the weight per unit power. From

these characteristics, the cell parameters that yield the

optimum feasible design can be logically determined by

simple analytical methods, which are described. As a re-

sult of these studies, a few designs are presented that can

have weight/power ratios of 0.3 to 0.5 kg/kw. The study

shows that within reasonable construction and physical

limits a simple, efficient, and lightweight direct nuclear

electrogenerator can be designed for space power uses.
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301 S7 THE TECttNOLOGY OF RAI)IOISOTOPIC

POWER. J.G. Morse (Martin Co., Nuclear Dlv., Balti-

more). Prec. Japan CoM. Radioisotopes. 5th. No. 3.

296-302(1963). (In English)

power s)_tems deriving their e,_ergy from radlonuclide

decay ha_e been under development for more than six

),ears under U. S. Atomic EnertO" Commission sponsor-

ship. Called SNAP. these systems eon'dst of large sealed

sources of radioisotopes _hich generate heat through _b-

s,,rption of decay enork%'. Po_er is obtained by converting

this heat into electricity using thermoelectric and therm-

ionic devices. The physical, chemical, and nuclear char-

actcrtstics of appropriate radioisotopes :is they relate to

the design of optimum thermoelectric generators are re-

viewed. The uniqueness of these power systems lies in

their use of radionuclide heat and their design life-times

are determined, in large part, by the decay rates of the

high po,_er density fuel materials. During the past year a

number of radioisotopie power systems have proved to be

practic',d devices for uses in remote locations. Technical

consideratio.-$ are described, whicn relate to the selection

of the fuel, power density (thermal watts per cubic centi-

meter} of the chemical form used, operating temperatures,

containment of fuel and safety of the system. (JAIF)e_P4A'b'_

32831 ON TIIE CIIOICE OF COORDINATES USED" TO"

DESCRIBE TilLItMOELECTItIC AND THEI(MOMAGNETIC

GENERATORS. J. F. Osterle and S. W. Angrlst (Carnegie

Inst.of Tech., Pittsburgh). New York, American Society

of Mechanical Engineers, 1963, Preprlnt 63-APM-19, 4p.

(CONF-$-t).

From Conference, Ithaca, N. Y., June 1963.

It Is demonstrated that the form of the cnergy-disslpation

equation which describes thermoelectric and thermomag-

netic generators is greatly dependent on the choice of de-

pendent variables in the coupled equations used to describe

the devices. If "natural" coordinates are chosen, the en-

erg:y dlssioation will always contain two terms--the

Fourier conduction term and Joulean heating term. If -un-

natural" coordinates are chosen, the energy-dissipation

equation will contain three terms. A brief solid-state con-

sideration demonstrates how a bound on the figure-of*

merit temperature product can arise in terms of fundamen-

tal physical parameters. (auth) _,_% _t '_ _'

_5217 (CONF-17-7) POWER APPLICATIONS OF

RADIONUCLIDES. Justin L. Bloom (Martin-Marietta

Corp. Aerospace Dlv., Baltimore). [1963]. Contract

[AT(30-1)-2345]. 26p.

From Oak Ridge Radioisotope Conference on Applica-

tions to Physical Science and Engineering, Gatlinlmrg,

Tenn.. April 1965.

The development and uses of SNAP power supplies whic

derive their energy from the decay of radioactive isotopes

are discussed. (N.W.R.) _- t_ "fro3

212S ISOTOPIC POWER DEVEI.OPMENT. p.89-96

of "Isotopes and Radiation Technology. Vol. 1, No. 1."

A survey is presented of thermoelectric generators

using radioisotopes which were designed for remote-area

terrestrial use. The generators described include a 5-

#ewatt Sr to generator for a weather station in the Arctic, s

10-watt Sr _° generator for a light buoy, a Ce t44 heat source

for water desalination, and a 5-watt Cs Iff generator for an

underwater seismograph. The use of calorimetry at ORNL

for measuring the rates of heat pruduction by radioisotopes

is discussed, and the design and operation of temperature-

gradient calorimeters are described. Applications of

calorimetric measurements are considered. (D.L.C.)t_f: _l_q



III • POWER GENERATION

B. Thermionic converters

16783 (LADC-5128) TIIERMION[C EMISSION CHAR-

ACTERISTICS OF CERTAIN ACTINIDE COMPOUNDS.

F. P. Cranston, Jr. and J. W• Barger (Los Alamos Scien-

tificLab., N. Mex.). [1960]. Contract W-7405-eng-36.

17p.

Thermlonlc emission constants of UC, UMoCz, Pu20 j,

Pu20 j + PuC, UWC z.and Np.zCa were measured. A cylin-

drical diode geometry was used. The emitter consisted of

a 0.030-in. W wire coated electrophoretlcally with the

desired substance. (auth) _ S A { _

616 ON THE DIRECT CONVERSION OF HEAT TO

ELECTRICAL ENERGY WITH TIIE TttERMO-ELECTRONIC

DIODE. H. Huber and J. Bensimon (Compagnie Generals

de Telegr_phie Sans Fil, France). .A__n. Radi_!ec., 16:

IS5-202(Apr. 1961). (In French)

Apart from a few very special cases.'two main classes

of thermo-electronle converters are recognized, namely

the vacuum diode and the cesium-fined diode. The be-

havior of the firstt)_peof converter can be described quite

rigorously, but the investigation of the second type raises

difficultiesregarding the behavior of the cesium plasma.

The distribution of the inter-electrode potentialis dis*

cussed, and a sketch is given of the main aspects of the

thermo-electronic conversion of heat into electricity. Con-

version efficiency istreated• The experimental results

for these two categories are summarized. (auth) k/_J_ {o3

/$643 (UCRL-65531 IiEAT-SIIIELDED MAGNETI°

CALLY CHANNELED PLASMA HEAT CONVERTER.

Ras mond Fox (California. Univ.. Llv,,,rmore. Lawrence

Radiation Lab.}. Aug. 5, 1961. Contract W-7405-eng-48.

27p.
A design for a thermionic converter is described which

utilizes a permeable heat shield and a homogeneous mag-

netic field normal to the cathode and anode surfaces to

minimize the radiant power loss _th-

out appreciably decreasing the elec-

trical pc_er output. The permeable
heat shield ccnsists of thin, close-

spaced foils perpendicular to the
cathode and anode surfaces. Pmdiant

power transfer is expressed as a f
function of the spectral emissivities

of the cat!ode and anode surfaces
and the interfoil and interelectrode

spacings. The heat shield is biased

positive with respect to the cat_ ode
and anode surfaces to prevent positive

ion loss, and, in conjunction with

the normal homogenous magnetic field_
channels the electrons and ions to

the anode. The re uired heat-shield

positive bias is deduced and given as
a ,unction of the parameters of the

converter. The energy conversioh ef-
Ina_-e with this con-

verter appear to be close to the
Carnot efficiency. (auth.) ,VSA'_

14357 (MND-P-2679) TIIERMIONIC ISOTOPIC

POWER SYSTEM. Final Summary Report Through Sep-

tember 30, 1961. William E. Kortier and Thomas S.

Bustard (Martin-Marietta Corp. Aerospace Div., Balti-

more). Contract AT(30-3}-217. 243p.

A summary of research and development in the field of

vacuum-diode thermionie cnergT conversion as it applies

to radioisotope-fueled power systems is presented. The

development work was done to improve diode performance,

to decrease generator weight and size, to develop a

radioisotope-fueled generator, and to develop a genera-

tor which can withstand missile launch. A generator _hich

can withstand missile launch was developed during the pe-

riod. A vacuum converter fueled with a radioisotope was

developed which provides 2 watts for use in missile ap-

plications in space. It is noted that most of the develop-

ments associated with the vacuum diode generator are ap-

plicable in the CS generator which is under development.

(J=R.D.).

• 3S70 (ASD-TR-61-723} FEASIBILITY OF THE USE

OF IIOLLOW CATIIODES FOR THERMIONIC ENERGY

CONVERSION. I. Brodie and A. Niewold CtVestlnghouse

Electric Corp. Electronic Tube Dlv., Elmira. N. Y.).

Nov. 30, 1961. Contract AF33(616)-7912. 48p.

Theoretical and experimental studies are reported to de-

termine the feaE:'bHity of applying "electron blackbodies"

to thermionic energy conversion. The conclusion from this

work is that the size of the effusing hole is governed

largely, not by the size of the cavity to which it is the exit,

but by the physical limitations imposed by the nature of the

electron atmosphere within the cavity. It is shown that the

density of the electron atmosphere within the cavity is only

large in a region close to the surface of the emitting walls

and may be characterized by a parameter d. which does not

depend on the size of the cavity. A quantitative expression

is given for the conditions under which the effusing hole

behaves as an electron blackbody. It is shown that for the

electron emission density to be large enough for useful

thermionic energy conversion, the size of the effusing hole

has to be too small for practical consideration. (auth)_ fg_

Materials Problems In Cesium Thermlonic Converters. L.YANG,
F.D.CARPENTER. Electrochem Soc--J v 10B n 11 Nov1961 p 1079-
86. Review of principles of cesium thermlonic converter; require-
ments for m" "erials used for cathodes; loss of materials by vapor-
ization; corrosion of cathode materials by cesium vapor; compat-

tbiD.ty of cathode and electric lead materials; Irradiation effects;
fission-product release; heat transfer; carbide cathodes; anode
materials; ceramic insulating seals; In-piletest. _ /p,_

Space-Charge Instabilities in Electron Diodes and Plasma Con-
verters, C.K. BIRDSALL, W.B.BRIDGES. J Applied Physics •
_12 n 12 Dec 1961 p 2611-18. _pace charge Instabilities In diodes
have been found to produce variations In potential and current

that are larger than predicted from classical static analyses
and produce sustained electroklnetlc oscillations; tentativeex-
planations are offered for recent observations of extra shot-

noise smoothing and of oscillations in thermionlc conv___
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Search for Nuclear Thermlonic Emitter, P.STEPHAS, Nucleonics

• 19 n 12 Dec 1961 p 66, 70, 72-3. Important problems of develop-
lrg thermlonlc device to convert nuclear heatlnto electrical energy
is finding suitable thermlonie emitter material tocoatnuclear fuel|
most promising are carbides and borldcs of rare earth and tran°
sltton metals; systematic investigation of di-, tetra-, and dode-
Carborides would provide better understanding of _ermionio prop-
ertles of materials. 21 refs. _" /-/.._._

New Approach to Thermtonlc Energy Conversion--Space Charp
Neutralizationby Auxiliary Discharge, W.BERNSTEIN, R.C.KNE-
CHTLI. lRE--Proc v 49 n 12 Dee 1961 p 1932-6. Characteristics
of auxiliary discharge thermionic energy converter are derived;
pv_'er e_pended In s"_x_.liarydischarge can be as low as 10% d
p<_er generated by con_'erter;thus efflclencle$of about 25% and

po_er output densities as high as 10 w/sq Cm can be obtained i
temperatures of about 1500 K provided low work function anodes,

are developed. _ -r , (p_

Fitleheskle svoistva tsezievoi plazmy termoetektronnogo pre°
obrazovatelya ev_ rgti. N. D. MORGUi.IS, Yu. P. KORCIIEVOL Radio-
tekhnika i Eiektrontka v 6 n 12 Dec 1961 p 2073-83; see also English

translation in Radio Eng & Electronic Physics (pub by AIEE} • 6 n
12 Dec 1961 p 1859-68. Physical properties of cesium plasma In
thermionic energy converter; it is shownthatconvertercan operate
in 2 esseutially different modes: "quasi-vacuum = at lowpressurea,
and "arc = at increased cesium vaporpressures;propertiesof plas-

ma and all its parameters are noticeably different in 2 cases_/_'_

O termoelektronnykh konstantakh, L.N.DOBRETSOV. Radtotekh-
nika i Elektronika • 6 n 12 Dec 1961 p 2054-62; see also Engl/:'
translation in Radio Eng & Electronic Physics Qvub by AIEE) • 6 a
12 Dee 1961 p 1841-9. Thermionlc constants; analyslsof therm/on/e
constants contained in various equations for density of therm/on/o
current in case of homogeneous electrodes; problem is of Interest

In direct conversion of heat Into electricity. _--._" _'_

f
• _155 THE RESISTANCE OF A PLASMA FOR A

THERMIONIC CONVERTER. D.A.Fraser.

, "Ionization in Gases" Conference Paper, Munich, 1961 (see Abstr.

1928 of 1963), p.819-24.
9005 THERMAL IONIC GENERATOR--POWER * • Measurements were made of the voltage-current characteristics

GENERATING EQUIPMENT OF TIIE FUTURE. Sheng Hsi. ' of an independently produced p].asmR between two emitting electrodes.

K'o Hsueh Ta Chung, No. 7,220-2(1961).

Discussion is given on the thermionic generator, which

converts heat energy directly into electrical energy. The

principle of operation is the same as that of t diode elec-

tron tube. Thermionic generators with vaporized cesium

have much higher efficiency than vacuum generators. They

can be operated directly with an atomic reactor or a ther-

monuclear reaction without being contaminated by radiation.

Applications of the thermionlc generator are also discussed.

Itisbelieved that practical thermionic generators will

eventually be developed. (P.C.H.) _ 5tct, t ' b

Itis shown that the observed chRr acteristics can be accounted for

by the changes of the sheath voltages at the two electrodes, the

I plasma remaining closely unll_tential, t/_'_/9 ¢ (9

_3997 A NEW GASFI LLED THERMIONIC CONVERTOR.

W. Bless.

"IoP.Izationin Gases" Conference Paper, Munich, 1961 (see Abate.

192_ of 1963), p, 815-18. In German.
Based on a theoretical treatment of the efficiency of thermionic

energy convertors, experiments were perlormed using models of
a new convertor type with cathode temperatttres not exceeding

1000°C. The influence ol a low-pressure plasma being generated

in an auxilary discharge on the efficiency and the dependence of
pressure and kind of gas was investigated. Noble gases with large
mass numbers were proved to be advantageous. Tho output current

was controlled by the auxiliary discharge. By this means it was

possible to use the convertor as an a.c. generator op.er;iting at

frequencles up to about lO00 c/a. _3/_ (9_ 169



8946 (TID-15268) OPTIMIZATION OF EFFICIENCY

OF A CESIUM-DIODE CoNvERTER. C. K. Sanathan;m

(Argonne National l.ab., ill.). Jan. 1962. Contract [W-3i-

109-engo381, lip. (UAC-5993)

v The values of the heat-transfer coefficient and effective

thermal emiSsivity of a cesium diode were varied and the

,,Hect on efficiency was studied. The efficiency was opt[°

mi;._d with respect to the lead wire voltage and the load

voltage. Results are presented in graphs, (M.C.G.) A'_*Q"_)

$ 2361 (DCAS-TDR-62-20} ENERGY CONVERSION

PROGRAM. THERMIONIC CONVERTER STUDIES. Semi-

annual Technical Report, July 1-December 31, 1961.

G. L. Johnston (Aerospace Corp., El Segundo, Calif.).

Feb. 14, 1962. Contract AF04(647)-930. 19p. {AD-

274694; TDR-930(2220-50) TR-2)

Work continued on the fabrication of the plane-parallel

Cs thermionic converter and the spectroscopic converter,

which are near completion, and on the analysis of a col-

lector sheath of a plasma converter. Studies were initiated

and completed on a glass envelope thermionlc converter

and on theoretical calculations of thermodynamics and

transport properties of Cs vapor. Theoretical studies of

the interaction of Cs vapor and refractory metal surfaces

were initiated. (auth) Aj e>f3t I (_ _'_

949 (AD-273067) INVESTIGATIONS ON THE DI*

RECT CONVERSION OF NUCLEAR FISSION TO ELEC-

TRICAL ENERGY IN A PLASMA DIODE. Annual Report,

January I, 1961 to January 31, 1962. Frank E. Jamcrson,

ed. (General Motors Corp. Research Labs., Warren,

Mich.). Jan. 31, 1962. Contract Nonr-3109(0O). S3p.

Results of experimental and thecret!cal investigations

are presented on the use of a nuclear generated plasma in

a noble-gas plasma-diode thermionic converter. Related

programs of emitter materials development and plasma

measurements are described. These are presented is

individual reports on noble gas plasma diode inpile experi-

ment IV, noble gas plasma diode i-npfleexperiment V,

plasma sheath theory with voltage-independent ion sources,

development of emitter materials for use in noble gait

plasma-diodes, thermionic emission of UC-Nb and UC-

Re. and spectroscopic measurements of plasma tempera-

tures and densities in high pressure Cs-Diodes. (au___
6:t

i1916 (ARF-2215-61 SEAL AND INSULATOR

PROBI.EMS IN TIIERMIONIC CONVERTERS. Summary

Report, February 15, 1961 -February 15. 1962. David W.

Levinson (Illinois Inst. of Tech.. Chicago. Armour Re-

search Foundation). Mar. 12. 1962. Contract NONR-

3441(00). 88p. (AD-273481)

A discussion of the materials requirements for seals

and insulators for thermionic energy converters is pro-

sensed. Based on the requirements and published physical

property data, AllO 3 appeared to be the most desirable

insulator material at temperatures below its melting point.

/ Thermtontc Converslon--State of Art. T.JARVIS. llIE-Trans on

Military Electronics v MIL-6 n 1 Jan 1962p _1-5. Brief discussion
of fundamental principles; outlme of different types of thermtonle

converters; status of individual conversion techniques reviewed;

description of materials problems, f_-_ t(#_. _

_74]_ (AD-274920) LO-TEMP THERMIONIC PLASt*Ut

STUDY. Yearly Summary Technical Report. (Ford Instru-

ment Co., Long Island City, N.Y.). Jan. 31, 1962. Con-

tract NONR 3416(00). 60p.

• Measurements of electron temperature, electron eoncen-

tratlon and space potential in the plasma region of low tem-

perature ihermlonlc converters were determined by means

cf a pulsed Langmuir probe technique. The spatial distri-

butions of these parameters, in parallel plate geometry.

were measured with the aid of movable probes. The ex-

perimental values are shown to be consistent with a reaSon*

able physical picture. Preliminary results obtained from

converter_, in which small amounts of O1 were present in

the .'tischarge region are explored. The effects of Cs and

patch effects on the surface characteristics of impregnated
W emitters are discussed on the basis of a theoretical anal-

ysis and experimental results with numerous test cells.

43S2 (AD-273,;92) I.OW TEMPERATURE TltERM-

IONIC CONVERTERS. Quarterly Technical Progress RC

port No. l. ['k.ecmber 1, 1961 -March 1, 1962. [Ford
Instrume.t Co., l.ong Island City, N.Y.L Mar. 1962.

Contract AF 33{657}-7663. 17p.
Fabrication aml dt,_.lopmcnt work performed in the in-

vestigation of low temix'rature thcrmionlc converters are

presented. The fabrication _ork included a high tempera-
turc mctal-cer:tudc electron gun cnvclope, improvement

in emitter brazing techniques, and :tnod¢' cooling techniques.

Improved :m(_ie tempt,r:Pure umforn,ity was achieved with

a _,as cooling loop shaped in thr form ,ff a pancake helix.

M_) or Cu powder improved the heat transfer between the

ht'iix and ¢'up bottutu. Cell pl/Ot-'t's_ing anti ,.valuati¢,n data

art given :t_ wt'il as rcsults of dt stl'uctivc and shock tests.
Tt:t'ht_iquet_ for solar :trill tlu,'l¢':tl" Sil:lul:ttiott :ire discuss_'d.

ta.th) [Xf _l_ 'G "=J



"_*_719 TIIERMIONI¢ CUNVEItSION--5rATE OF TIIE

ART. Theodore Jarvis (Ford instrument Co., Long Island

City, N. Y.). IRE (Inst.Itadio Engrb.)0 Tr:ms. Military

E|cctron., MIL-6: 41-5(Jan. 1962).

After a brief discussion of funda,nc;_t.d principles, a

family tree ol the different types of thermionic converterJ

t is pre._c,:ted. The status of individual conversion techniquel

is then reviewctl• A description of the materials problems

is giv,=a. The review concludes with projections of develop-

ment and performance trends o[ the most important types

of thermionic conx'erters. (auth) ,_,_ ¢ _¢ _'_

[_.ectroscoplc Measurements of Temperatures and De'_sitles

in Cesium Plasma, P_J. DONOHUE. R-F. MAJKOWSKI. j Applied
Physics v 33 n 1 Jan 1962 p 3-10. Ion, electron and atom number

densities, and electron temperatures of cesium plasma geperated

in diode have been measured by spectroscopic techniques; work-
ing equations are developed for determination of electron number

density from Continuum intensity and Stark broadening; tempera-
lures In cesium plasma were 0.? ev with ton and electron number

densities of order of 101S/co. LK_&__

10924 CURRENT OSCILLATIONS IN THE SYSTEM OF A

THERMIONIC ENERGY CONVERTER WITH CESIUM

VAPOR. N.D.Morgulis; C.M.Levitskll and l.N.Groshev.

Radiotekhnika ! Elektronlka (USSR), Vol. 7, No. 2, 352-3 (Feb., 196Z).

In Russian. English translation in: Radio Engng electronic Phys.

(USA), VoI. "/, Nc_. 2, 330-2 (Feb., 1962). (_ E/-% ' 4 __

Some Considerations of Dynamic Behavior in plasma Thermo-

couple, R.W.BUSSARD. J Applied Physics v 33 n 2 Feb 1962 p 606-
13. Analysis of role which stable electron oscillations of large
amplitude may play tn determining observed "steady state" char-
acterlsticsof plasma filledthermtonic diode; Inoperation such that
net current flow Is controlled by sheath potential distribution, it
is found that time averaged net current may increase markedly
in transition from nonoscHlatory to oscillatory operation; compar-

' '..sonis made with some experimental results• 28 refs• E__-J--_

\'
\

\
"\

/24207

I current of higher frequency.

/182 THE ANODES OF THERMOELECTRONIC CONVE'RTE-I_S:

V.G.BoI'shov and A.A.Zharlnov.

Zh. tekh. Fiz, (USSR), Vol.32, No.2, 214-19 {Feb., 1962).

In Russian. English translation in: Soviet Physlcs-Technical

Physics (USA), Vol.7, No. 2, 152-5 {Aug., 1962).

The power and efficiency of a thermoelectrontc (thermlonlc)

converter can be increased by reducing the average work function

of the anode. During operation cathode materials are evaporated

on to the anode and control the work function. A contact potential

difference method was used to determine the work functions o/

ZrC, TaC, and UC + ZrC evaporated layers in Cs vapour at various

pressures. The Cs vapour has most effect on the TaC evaporation

products reducing the work function to about 1-0eV at a pressure of

10"+ mm Hg. C.Greaves

CURRENT OSCILLATIONS IN THE SYSTEM OF A
THERMIONIC ENERGY CONVERTER WITH CAESIUM

VAPOR. N.D.Morgulis, C .M.Levitskli and l.N.Groshev.
Radiotekhnlka i Elektronika (USSR), Vol. 7, No. 2, 352-3 (Feb., 1962).

In Russian. English translation in: Radio Engng•electrcmiC Phys.

(USA), Vot. 7, No. 2, 330-2 '_Fe_.,1962).

Some results already obt:dned in a systematic investi;t_.tioaof

the current oscillations arising under certain conditions in thernd°

onic diodes with Cs vapour (C-urtovoy, 1955) are reported. A tube

filled with Cs vapour, containing a Ta strip cathode and a similar

Ca-coated Ta anode ,_ithscreening electrodes, the distance

between which could be varled,'was employed in the experiments.

The wariab!e parameters were T,, cathode temperatare; t, Cs
vapour saturation temperature; and d, interelvctrode d!_--t2".._ Two

discrete regions of oscillations were obtained at about
T_ = 1200" - 1400°K and above T, = 1900" - 2380"K respectively,

for d = I mm (the respective t values being 180"- 260"C and

20 °- 140°C). The respective oscillations were sinusoldal,

v = 20 - 160kc/s, in the firstregion and non-sinusotdM, v ffi100 kc/s,

in the second region, corresponding approxlmately to the quasl-

vacuum and arc conditions of converter tube operation. Itwas

demonstrated that the oscillations in the second zone have a con-

siderable output power, the system being in principle a converter

of theraml energy into energy of direct as well as alternating

L.Mordecal.

! 71.



12747 (AFCRL-62-373) STUDIES OF ELECTRON

TUBE MATERIALS AND THERMIONIC EMISSION PROC-

ESSES. Eighth Scientific Report, January I, 1962-

March 31, 1962. (General Telephone and Electronics

Labs. Inc., Bayside, N. Y.). Contract AF19(604)-7286.

41p. (AD-277556)

The thermlonic emission properties of ultra-pure nlckel-

base oxide cathodes in the clean test diode arc being inves-

tigated. A comparison of the emission results for active

N4 and ultra-pure nickel-base cathodes shows that the ac-
tive nlckel-base cathodes are well actlw_ted after the four

high-tern! :_:_t.:w: processing treatments. The sublimation

characteristics of a barium oxide platinum-base cathode

were studied. The evaporation rates of molecular BaO as

measured by the retarding field technique were in excellent

agreement with previously reported values based upon

mass spectrometric, chemical and radioactive tracer

methods. Full operation of the Knudscn cell-mass spec-

trometer system provided an initial calibration of the in-

strument. The presence of silver and molecular beam op-

eration was confirmed by a measurement of the Isotopic

abundance of the ions in question, by the mass scale con-

stants for the instrument and by operation of the molecular

beam shutter. The electron emissive properties of a triple

oxide cathode were displayed on the screen of a 24-inch

diameter sealed-off emission microscope tube. The size

and location of emission sites were observed. (auth)/)_t_-_

211) DIJIECT TRANSFORMATION OF IIEAT INTO

ELECTRICITY WITH TIIE AID OF TIIERMIONIC CON-

VERTERS WITH CESIUM ATMOSPHERE. Pierre Boyer.

Rev. Gen. Electron., 16: No. 184, 17-22(Mar. 1962). (In

French)

The review of the direct transformation of beat into elec-

tricity is divided into two basic sections--electronic emis-

sion with surface ionization and surface ionization of cesium

on tungsten. A number of specific applications to converters

is given. A very recent biography is appended. (auth)/_p.All_._

"JS637 (AD-275908) 'rIIERMIONIC CONVERTER RE-

SEARCII. Report No. 3. Quarterly Progress Report No. 3,

J'_.nuary 1, 1962-March 31, 1962. R. Laubensteln, W. Bey-

ermann, and B. Chang (Marquardt Corp., Van Nuys, Calif.. t

Apr. 1962. Contract DA36-039 sc-87217. 37p.

Research on thermlonlc converters which are potentially

capable of operation at temperatures obtained from the com-

bustion of ordinary fossil fuels was continued. Measure-

ments of the electrical resistivity of beta-eucryptlte Indi-

cated that the relatively high resistivity may place severe

restrictions on the design of an Ion emission structure with

a long operating lifetime. Arc mode operation of a cesium

vapor thermlonlc diode with plane parallel molybdenum

electrodes was obtained for emitter temperatures of 1300

to 1350°C. A power output dc,_sity of 0.57 watt per cm _ was

obtained without optimizing all operating parameters. Nega-

tive emitter bias voltages of 0.2 to 0.5 volt were required to
the arc. (suth)

/14928 (ASD-TDR-62-324) THE DEVELOPMENT OF

A LOW TEMPERATURE VAPOR FILLED TRERMIONIC

CONVERTER. F.G. Block and J. J. O'Grady (Radio Corp.

of America. [Electron Tube Die.], Lancaster, Pemm.},

Apr. 5, 1962. Contract AF33(616)-7903. 168p. (AD-

278810)

Applied research toward developing a low-temperature,

plasma, thermionic converter is described. A third elec-

trode is used in the converter to ionize plasma so as to

neutralize the space charge. The lower temperature thus

achieved should significantly prolong the life of the cou-

verter and contribute to the development of a more reliable

power supply for space application. The prvgram was

directed toward optimizing geometry and operating char-

acteristics and investigating the effects of temperature

and pressure, starting pulse, magnetic fields, and operation

in both series and parallel circuitry. Materials were In-

vestigated to achieve practical electrodes by determining

compatibility of material, atmospheric corrosion, and gas

permeation. Converters were fabricated, evaluated, and

life tested with the parameters optimized by the test pro-

gram. (auth) _f,.f/l_ i _._

20647 THERM1ONIC ENERGY CONVERTER. L.N.

Dobretsov (Dobrecov) (Inst. of Technical Physics, Lenin-

grad). Cesk. Casopis Fys., 12: 428-38(Apr. 1962). (In

Czech)
An interpretation is given of the physical processes is

the activity of a thermionic converter. Information Is pre-

sented on the state of research into practically applicable

thermoelectron converters. Two types of converters are

mentioned: a vacuum converter with a small distance be-

tween the electrodes; and a converter with cesium vapors,

the construction of which is technically simpler. Three

kinds of working regimes are described for the conve_,er

with cesium vapors: Knudsen, diffusion, and plasmatic.

These regimes are evaluated from the point of view of

suitability for application. In connection with the conver-

sion of nuclear Into electrical energy in a thermionic con-

verter, a description is glean of an existing converter.

11837 (TID-16215) RF OSCILLATIONS AND I:)OWER

OUTPUT IN ALKALINE THERMIONIC CONVERTERS.

H. K. :iichards (Argonne National Lab., HI.). Apr. 196_.

Contract W-31-109-eng-38. 18p. (UAC-6389)

Experiments were made using a potassium plasma cell
with a Ta emitter and a Ag-plated Cu collector. The r-|

fzequencics, rms voltages, power output, and other quanU-
ties were measured under various conditions of emitter

temperature, potassium vapor pressure, and d-c and r-f
loads. Ion and electron densities were calculated and com-

pared with the oscillations occurring. (D.L.C.)



UNCLASSIFIED
TR 32-171 A 500-ELECTRICAL-WNI'r SOLAR ENERGY _IERMIONIC CONVERSION

SYSTEM FOR A tMRS SPACECRAFt
Smith, Arvin H.

April 15, 1962 Unclassified

The conceptu_ design of a solar energy thermlonlc con-
version syctem suitable for use as the prime source of electrical

power for a Mars spacecraft is described. Two designs of such a system
are considered. The most promising design would employ an individual,
9.5-ft-dlameter, rigid, parabolic mirror to intercept, reflect, and
concentrate solar energy. A multldiode thermlonlc generator would

convert the concentrated thermallzed solar energy into electricity. An
alternate design would incorporate a 5-it-diameter mirror and a 135-watt

thermlonlc generator. It is concluded that potentially advantageous
solar energy thermionic conversion systems are possible, provided that
long llfe and adequ_e reliability can be achieved.

Effect of Staging on Performance of Tbermionie Converters, G.
N.HATSOPOULOS. AIEE--Trans v 81 pt 1 (Communication & Elec-
tronics) n 59 Mar 1962 p 36-40. Effectof operating several therml-
onic stages thermally connected in series between 2 beat reser-

voirs at given temperatures. Paper 60-344. (_/:_.

Electron Space-Charge-Limited Operation of Cesium Thermion-
le Converters. E.N.CARABATEAS. J Applied Physics v 33 n4

Apr 1962 p 1445-9. Quantitative analysis of electron space-charge-
limited operation; difference in emitter and collector work func-

tions can be found from experimental current-voltage character-
istqc and conversely such characteristic can be plotted If suffi-
cient information is given; method is applied to experimental
I-V curves obtained from parallel plate converter with tantalum

emitter. C_F_

89"24 (JPL-TR-32-171) A 500-ELECTRICAL-WATT

SOLAR ENERGY THERMIONIC CONVERSION SYSTEM

FOR A MARS SPACECRAFT. Arvin H. SmiLh (Callforr.la

Inst. of Tech., Pasadena. Jet Propulsion Lab.). Apr. 15,

1962. Contract NAS 7-100. 14p.

The conceptual design of a solar energy thermlonlc

(SET) conversion system suitable fez use as the prime

source of electrical power for a Mars spacecraft is de-

scribed. Two designs of such a system are considered.

The most promising design, designated SET (A), would

employ an individual, 9.5-it--diameter, rigid, parabolic

mirror to intercept, reflect, and concentrate solar energy.

A multidlode thermionlc generator would convert the con-

centrated thermallzed solar energy into electricity. SET

(A) would utilize a $00-electrlcal-watt thermionic genera-

tor incorporating a cavity-type absorber, cesium-vapor-

filled thermlonlc diodes, heat radiators, temperature-

controlled cesium reservoirs, and a solar flux control

mechanism. An alternate design, designated SET (B),

would incorporate a 5-it-diameter mirror and a 135-watt

t,herrniordcgenerator. Four such modules wc-a!d be

clustered to provide up to 540 watts of electrical power at

Mars (aphelion). The design features of a 135-watt flight

prototype, which is currently under active development,

are presented. Itis concluded that potentially advantageous

solar energy thermionic conversion systems are possible,

provided that long life and adequate reliability can be

achieved. (=,,th) _" _'_%

' |2752 (ASD-TDR-62-94) SOLAR THERMIONIC

ELECTRICAL POWER SYSTEM. D. L. Cuthbert, D. L.

Purdy, E. W. Williams, J. A. Ruff, D. L. Kerr, W. G.

Flanigan, R. Luck, Jr., D. Jones, and E. Baum {General

Electric Co. Missile and Space Vehicle Dept., Philadel-

phial Mar. 1962. Contract AF33(616)-7008. 148p.
(AD-277555)

Progress is reported on the design and development of •

solar thermionic electrical power system {STEPS}. The

design objective was to size the system to generate 500

watts of electrical power in space when operating In •

simulated orbit over a 35-minute-dark, 55-minute-light
cycle. Vacuum thermfonic converters were used. The

system was to be ground-operated with the hardware am

close to flight type as possible. Details of the design, de-

velopment, fa.brication, and performance of the system are

included. (seth) N _ ((_ .'_

• AD-281 819 DIe. 7. 8
{TISTM/EJH)

Atomics International, Csnogt Perk, C•lif.
FLAME HEATED THERMIONIC CONVERTER RESEARCH.

Ou•rterly rept. no. 3, 1 Jan-31 Mar 62,

by N. R. Martini, R. L. McKlsson, sod E. V.
Clerk. _1 Mar 62, 68p. incl. Illus. tables,
1_ ref•. (Rept. no. AI-?330)

(Contract DA 36-039-sc-88982, ProJ. _A99-09-002-
04)

Unclassified report

DESCRIPTORS: SElectric power production,

UDiodes. *Thermionic emission. *Power supplies.
Materials. Refractory coatings, Silicon com-

pounds, Carbides. Combustion chambers, Flames,
Heot production. Molybdenum. Cesium. Vapors.
High temperature research. Seals. Inverted
rectifiers.

The 150 W(e) electrically heated diode developed
• Cs leak in the sea1 insulator. However, before
the Cs was exhausted, some data were obtained

defining the necessary operating parameters
for • triggered diode power inversion system.

Four flame-heated thermionic converters are being
constructed. The heater for these converters

was tested. An emitter temperature of 1450 C

was •ttained, •long with a heat fl_= of 28 w/sq
cm. An analysis of possible efficiencies for

diode heaters emphasized that heaters employing
fuel injection, in combination with high effi-
ciency heat exchanger, must eventually be

developed. Testing of Dursk-B coating for Me
metal continued. Analysis of results showed that

08the costing fails due to depletlon of Si. Si

may evaporate as St02 or diffuse into the Me

metal. Fls_e corrosion tests on SiC refractories
showed the superiority of KT SIC.

;_-_/



8924 (JPL-TR-32-171) A 500-ELECTRICAL-WATT

SOLAR ENERGY TI_ERMIONIC CONVERSION SYSTEM

" FOR A MARS SPACECRAFT. Arvln H. Smith (Califorr.ia

Inst. of Tech., Pasadena. Jet Propulsion Lab.). Apr. 15,

1962, Contract NA.5 7-100. 14p.

The conceptual design of a solar energy thermionie

(SET) conversion system suitable for use as the prime

source of electrical power for a Mars spacecraft Is de-

scribed. Two designs of such a system are considered.

The most promising design, designated SET (A), would

employ an individual, 9.5-It-diameter, rigid, parabolic

mirror to intercept, reflect, and concentrate solar energy.

A mult'diode thermionic generator would convert the con-

centrated thermalized solar energy into electricity. SET

(A) would utilize a 500,electrlcaJ-watt thermlonic genera-

tor incorporating a cavity-type absorber, cesium-vapor-

filled thermionic diodes, heat radiators, temperature-

controlled cesium reservoirs, and a solar flux control

mechanism. An alternate design, designated SET (B),

would Incorporate a 5-fi-diameter mirror and q 135-watt

thermionic generator. Four such modules would be

clustered to provide up to 540 watts of electrical power at

Mars (aphelion). The design features of a 135-watt flight

prototype, which is currently under active development,

are presented. It is concluded that potentially advantageous

solar energy thermionic conversion systems are possible,

provided that long life and adequate reliability can be

achieved. (auth) /_,_f( v[."_
g,2 .J

/
89|2 (AD-277042) THE DEVELOPMENT OF AN

AUXILIARy ELECTRODE TIIERMIONIC CONVERTER.

Quarterly Technical Report No. 1, January 15o 1962-

March 30. 1962. F.G. Block and J. J. O'Grady (Ra_o

Corp. of America. Electron Tube Div., Lancaster. Penna.).

Apr. 15, 1962. Contract AF33(657)-8005. 17p.

The efficiency and life expectancy of thermionie energy

converters for space applications were studied. The objec-

tive of the program is to determine the feasibility and to
demonstrate the practicality of a three-e?ectrode ther-

mionic converter having a third, positive ion-producing

electrode, an efficiency of not less than 15q_; an unaltended

life of not less than one year; and a maximum temperature

of 1500 Kelvin. An approach using impact ionization will

be pursued. (auth) k' _ t _,.'_

3_cJ9 . TIIERMIONIC GENERATORS. D.A. Fraser

and G. G. lsaacs (General Electric Co., Wembley, Eng.).
Electron. Eng., 34: 307oil(May 1962).

Power output and efficiency under idealized condittonl

are calculated for various electrode materials and tem-

Pe]'atures. Methods of space charge neutralization are con-

sidered, including ionization of cesium at the emitter sur-

face and the use of auxiliary discharges for ion production.

Possible applications cover a wide range of power. (autl0.._
v_ ':-/I_/b")

V22261 (AFCRL-62-669) PARAMETRIC STUDY OF

CLOSE-SPACED CESIUM TtlERMIONIC CONVERTERS.

Annual Technical Report. E.N. Carabateas, S. Kitrilakis,

and J. H. Weinsteln (Thermo Electron Engineering Corp.,

Waltham, Mass.). May 1962. 'Contract AF19(604)-8453.

82p. (AD-282895)

A variable spacing, Cs diode test vehicle, using a Nb

emitter and Mo collector, was used for parametric tests

of converter performance. The design and construction

of the test vehicle were such that emitter temperature,

collector temperature, and Cs pressure could be inde-

pendently controlled. In addition, most of the important

converter heat losses could be accurately measured. Ex-

tensive tests were conducted which resulted In a complete
map of diode performance. Additional tests were con-

ducted to supply data for analytical work on Cs conduction,

converter operation, and surface phenomena. (auth) ._.,,,/_/y__.b/_

] 6788 (EDR-2791) INVESTIGATION OF TIlE MONO-

CAPILLARY TIIERMIONIC EMITTER AS A DUAL SOURCE

OF IONS AND ELECTRONS. Quarterly Technical Prog-

ress Rcport No. 2, Fcbruary 15-May 15, 1962. D.L.

Dresser and W. Laurita (General Motors Corp. Allison

Div., Indianapolis). May 15, 1962. Contract AF33(616)-
8299. (AD-275733)

Theoretical and experimental work is reported on the in-

vcstJgation of a capillary emitter scrving as a dual source

of Ions and electrons in a thermtonlc converter. During

this report poriod, improved agreement was achieved be-

tween the experimental data obtained on monocapillary test

devices and a mo<iel based on the sheath potential concept.

Several processes for fabricating multicapillary emitters

are described, including stacking fine wires, spark ma-

chining, electrolytical etching, vapor deposition, and elec-

trochemical deposition. Experimental results are given to

show the feasibility of circulating Cs by means of an elec-
tromagnetic pump. The design and fabrication of a clo6ed

cycle (gravity feed) multicapillary thermionic converter

are discussed. (auth) ,_/',_A '_,._

12376 ENERGY CONVERSION TECHNIQUES. K.O.

Hernqvist (RCA Labs., Princeton, N.J.). Proc. I.R.E.
(Inst. Radio Engrs.), 50: 1285-8(May 1962).

The conception and evolution of the basic principles ot

thermionic energy conversion, the newest of the heat-to..

electricity conversion methods, are described. The appl/-

cation of thermionic energy converters to its ideal heat

source, the fission reactor, is discussed. It Is bel/eved that

the state of the art is far enough advanced to make such •

thermionic-reactor system practical within the next decade.

(aut_ ,'V"_e, '(,
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ENERGY CONVERSION TECHNIQUES.

_15880 K.G.Hernqvist.

Proc. Inst. Radio Engrs (uSA), Vol. 50, No. 5, 1285-8 (May, 1962).
The conct.ption and evolution of the basic principles of

thermionic energy conversion, the newest of the heat-to-electricity

.onversion methods, are described. The application of thermionlc

energy convertors to its ideal heat source, the fission reactor, Is
discussed. It is believed that the state o! the art is tar enough "

advanced to make such a thermiontc-layer system practical within

the next decade. /_._ t'(O

9718 EFFECT OF S_ACE CHARGE ON LOAD CIIARACTERISTICS
AND E.M.F. OF TttERMIONIC ENERGY CONVERTOR.

A.A.Ost roukhov.
Zh. tekh. Fiz. (USSR), Vol.32, No. 5, 613-25 (May, 1962). In Russian.

English translation in: Soviet Physics-Technical Physics (USA},

Vol. 7, No. 5,445-53 (Nov., 1962).
Equations for calculating the load characteristics and thermal

e.m.f, at ditferent cathode and an_.c temperatures with space charge
in vacuum taken into account- were obtained for the case of low

pressures of filling vapour in a thermiontc cortvertor- Simple cal-
culations are given for: (I) relation betweeffthermal e.m.f, and

cathode temperature; (2) load characteristic, A compaXlsott of the

results of calculation with experiment shows that, even in the ease
of low pressures (about 10 "_ mm Hg), the idea of free motion ¢f

particles in the interelectrode space is an approximate one.-_l_ 1(2>

J THERMIONIC GENERATORS.
11601 D.A.Fraser and G.G.Isaaes.

Electronic Engng (GB), Vol. 34, 307-11 (May, 1962).

Experimental work on thermionlc generators has sho,_t that
¢

electrical output of about 10W/cm t of emitter surface at overall
efficiency of at least 10_ Is feasible. The power output and

efficiency under Idealized conditions are calculated for various

electrode materials and temperatures. Methods of space charge
neutralization are considered, including ionization of caesium at
the emitter surface and the use of auxiliary discharges for ion

production. Possible applications cover a wlde range of power.
Small units, producing a few watts, have already been made, but
much technological development is required for larger thermlonlc
generators for power station use.

.....

THERMIONIC ENERGY CONVERSION DIODE USING A
• 177"/6 FILM BOILING LIQUID METAL ANODE. AJ.Ulrlch.

J. appl. Phys. (USA), Vol. 33, No. 5, 1896-7 (May, 1962).
Recent experiments have shcwn that a diode for the purpose

of energy conversion can be produced, which employs the phenom-
enon of film boiling at the alkali metal anode. The film boiling
liquid is covered by an inert gas blanket to hold the vapour pressure

at a few mm Hg. Voltage--current curves for successive time
intervals from 10 to 220 sec are presented, with currents up into

the 0.1 A region and associated voltages between I and $ V.
Construction of the diode is described, and the possible advantages
over the conventional thermlonic diode concept are outlined.

F.R.W_lter

Thermo-ElectricM Engineering. A.G.HEATON. Instn Ele¢ Engrs--
Proc v 109 pt B (Electrordc • Communication Er_7,) n 45 May 1962

p 223-32. Explanation of basic principles of thermoelectric gen-
erators and cooling units in quantitative manner; potentialities of
bismuth telluride for generation of power and heat pumping and, in
particular, for refrigeration of small volumes and local cooling;
paper is based on work done by author on engineering applications
of bismuth telturide. Paper 3867. _-_'_,'L.
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• 17778 ENERGY CONVER.)|ON TIY AN IONIZED VAPOUR
STREAM. M Surdin.

J. Phys Radium (France), Vol. 23, NO. 5, 297-8 (May, 1962).

In French.

A theory of Klein's [The direct conversion of thermal energy

into electrical energy. (Proceedings of the 5th International

Conference on Ionization Phenomena in Gases, 1962, Vol. I, p.806)]

experiment on direct conversion of energy by an ionized vapour

stream is given. The negative potential of the hot electrode is cal-

culated assuming that electrons and ions obey a Maxwell-Boltzmann

distribution. The positive potential of the cold electrode is calculated

in the same manner. The negative charge carriers arriving at the
cold electrode are water droplets. The short-circuit current is cal-

culated, approximately, assuming that the electron short-circuit

current compensate the ion current arriving at the cold electrode._._ f(o'2,

_D-282 895 Div. ?
(TISTM/GEC) OTS price 18.10

Thermo Electron Engineering Corp., Woltham,
Mill.

PARAMETRIC STUDY OF CLOSE-SPACED CESIUM THERMI-

ONIC CONVERTERS.
Annual technical summary rept.. 10 Apr 61-
10 Mar 62,

by g. N. Carabatens. S, S. Kltrilakis, tad
J. H. ielnsteln. May 62. lv. incl. illus.
tables.

(Contract AF 19(604)8453. ProJ. 6692)

(AFCRL 62-669) Unclassified report

DESCRIPTORSt upower supplies, aOiodes, Nio-
bium, Molybdenum, Energy, Temperature control,
Tests, Pressure, Measurement, Temperature,

Thermal conductivity, Thermionic emission,
Cesium.

k variable spacing. Cs diode test vehi-le, using
8 Nb emitter and No collectoro was used for

parametric tests of converter performance. The
design and construction of the test vehicle

were such that emitter temperature, collector
temperature, and Cs pressure could be independ-
ently controlled. Ir addition, most og the
important converter heat losses could be sccu-

rotely measured. Extensive tests were conducted

which resulted in • complete map of diode per-
formance which will greatly aid the selection
of design conditions for future hardware manu-
facture. Additional tests were conducte_ to

supply data for analytical work on Ca conduction.

converter operation, and surface phenomena.
(Author)

' _ 2__

Thermtonle Generators. D.A. FRASER, G.G.ISAACg _lectron|c
Eng v 34 n 411 May 1962 p 307-11. Power output and efficiency of
generators under idealized conditions are calculated for various
electrode materials and temperatures; methods of space charge
neutralization, including Ionization of cesium at emitter surface

and use of auxiliary discharges for ion production. _-- (_ -_

Power Generation from lom::_-: 3ases. D-W.GEORGE. H.K.MES-

SERLE. lnstn Engrs. Austra:____:__,ec & Meeh Eng Truss v EM 4
n 1 .May 1962 p I-6. PossA_.,L._= of generating large amounts of

electric power directly from =:_:-action of flOWing hot gas with
magnetic field; influence of _-_._-:'_nductivity. duct size, magnetic
field strenKt h and gas veloc:,_. _ Conversion process; problems
associated with compressibi/_t_.- :- £_s that these may be overcome
in practical design; allernahv_ _--_'_ods of obtaining degree of ion-

ization required in gas; metho_2x- _:'edueinghighoperating temper-
atures when Using thermal ior---"'-._n;COmbination of COnventional
generating plant with plasma c:3,._-r_._rler.
•-- IT_ /_-_

Energy Conversion Techniques. K.G.HEl_NQVIST. IRE--Procv50
n 5 May 1962 p 1285-8. Conception and evolution of basic princi-
ples of thermtonle energy heat conversion; application ofthermtonle

energy converters to its ideal heat source, fission reac___9_._r

POWer _,_,,c_ atlon from Ionized Gases. D.W.GEORGE. H.K.MES-
SERLE. Instn Engrs. Australia--Else &Mech Eng Trams • EM 4
n I May 1962 p I-6. Possibility of generating large remount8 of

electric power directly from interacUon of flowing hot gas w/th
magnetic field; influence of gas conductivity, duct size. magneUo
field strength and gLs velocity on conversion process; problems
associated with compressibility of gas that thesemay be overcomo
in practical design; alternative methods of obtaining degree ,_ Ice-
izatlon required in gas; methods ofreducinghi_hopei.aUn_ temper.
atures when using thermal Ionization; COmbination of Conventlontl

generating plant with plasma converter. _,_ _7>

AD-291 22) Div. 25
(TISTP/JM) OTS price |1.10

Hughes Research Labs., Malibu, Calif.

CESIUM PLASMA STUDIES FOR THERMIONIC ENERGY
CONVERSION.

Quarterly letter rapt. no. 2. 1 June 61-_1 May 62
On Phase 2,

by R. C. Knechtli. 31Miy 62, _p. 2 refs.
(Contract Nonr-350100)

Unclassified report

DESCRIPTORS! 'Plasma physics. SThermiosic

emission. Energy, Cesium, Ionizstlon. Measure-
ment. Electrons.



UNCLASSIFIED

I13167 T}IERHIONIC CONVERTER RESEARCH

(Period covered: July l, ]961-June 30, 1962)
Laubenstein, R.; Beyermann, W, & Chang, B.

t_nclassified
Marquardt Corp. (R-25,O57)
DA 36-039 SC-87217
Final Report-4 (ASTIA AD-284 457)

Low temperature converters with emitter temperatures of
1200°C or lower are potentially useful for operation with small heat
sources which burn ordinary fossil fuels in air. Materials which
emit positlve ions when heated in the range of 1000"C to 1200 C have
been studied. The principal problem areas in the use of these materials
appears to be the short lifetime because of depletion of the material
and the high electrical resistivity of the better ion emitters. Other
problems include the contamination of ion and electron emitting sur-
faces in the same tube envelope, interaction of the ion emitter with
Its substrate material, and a geometric configuration of electron
emitter, ion emitter and collector such chat the ions from a large

vo!Umezation.Of ion emitter are effectively util_zed, for space charge neutrali-

UNCLASSIFIED

I!5151 HIGH TEMPERATURE THERMOELECTRIC GENERATOR

(Period covered: Aprll 2-June 29, 1962)
Henderson, C. M. & Ault, R. G.

Unclassified

Monsanto Research Corp. (MRC 2509)

Dayton Laboratories
AF 33(657)-7387
QPR- 3

This report covers the development of a 5-watt laboratory

thermoelectrlc generator for operating in space vehicles. Carbon
was selected for use with MCC 50 in the fabrication of thermocouple-

type modules made by hot-pressing for the 5-watt generator. Elec-
trical properties of modules suffered no deterioration under actual

power producing conditions in Lest periods to 90 hours at tempera-
tures to 1200°C.

MAXIMUM THEORETICAL EFFICIENCY OF TIIERW[-

• 19885 IONIC EMISSION ENERGY CONVEI'CTORS.

•Rendement th_orlque maximum des converUsseurs d'energie a B.Devin and M.Vandevyver.

_mlsslon thermo_lectronique, B.DEW[N, M.VANDEVYVEI_ J de J. Phys. Radium (France), Vol. 23, Suppl. No. 6, 73A-90A,

Physique et Radium {Physique Appliqude) v 23 n 6 June 1962 p (June, 1962). In French.

73A-90A. M_ximum efficiency of energy converters with electron The general equation for efficiency is derived in optimized
thermal emission; general equation for efficiency of thermionic
converter in optimized conditions derived in terms of 2 funda- conditions, in terms of the two fundamental parameters: anode work.
mental parameters which are anode work function and cathode function and cathode quality factor. An optimum efficiency is calcu-
quality factor; maximum efficiency is calculated; relative magni- luted from the resulting expression. The relative magnitude of con-
rude of conduction and radiation losses is pointed out; sets of duction and radiation losses Is pointed out. Sets of curves are given

curves lor various anode work fractions presented. 32 refs._._--£_ for various anode work functions. _ _0_ (o

O

AD-282 877 Oiv, |
(TISTW/nD) - '

David Sarnoff Research Center. Princeton, N. J.
RESEARCH IN ELECTRON EMISSION FROM SEMICONDUCTORS.-

0uarterly rapt. no. 7, 1Apr-30 Juno 62,
by R. E. Simon, W. H. McCarroll and others.'

0 June 62, 29p. incl. illus, tables, 19 rots.

aept. no. 15) _.._"
Contract DA 36-O_9-sc'-6_aoo, ProS. _A99-1)-

ool-ol)
Unclassified report

DESCRIPTORSI eThermioslc emiJslon_ nSeml©on-

ductora. Argon, Ions, Ion bombardment, Silicon,.
Cesium. Tungsten. Adsorption, Alkali metals,
Photoemtsslon, Photoelectrons.

The results of argon ion bombardment of silicon

p-n Junction emitters are reported. A largo
increase In emission is found as a result of

the bombardment. An emitter with an injecting

contact has been fabricated. Experiments in
which enhanced light emission has been observed

are reported. An analysis of data on the adsorp-
tlon of cesium on tungsten and silicon is pre-
sented. A method of obtaining information on

the band structure of semiconductors fro_ photo-

emission measurements is described. (Author)//.7



SAD-282 398 Div, 8

(TISTM/PCR) OTS price $11.50

General Electric Co., Owensboro. Ky.
RESEARCH AND INVESTIGATION ON RADIATION RESIST-

ANT. HIGII TEMPERATURE TIIERMIONIC CIRCUITRY.

Interim engineering rept. no. 5, 1Apr-

30 June 62,
by Fred J. Schmidt. 30 June 62. 146p. Incl.
illus, tables, 6 rein.

(Contract AF 33(616)8096)
Unclassified report

DESCRIPTORSt *Thermionic emission, *Elec-

tronic circuits. Miniature electron tubes.
Miniature electronic equipment. Radiation

effects. Triodes. Pentodes. Resistors, Nickel

Valleys, Ceramic materiels, Welding, Brazing,

Rndlofrequency oscillators, Radiofrequency
amplifiers. Platinum. Titanium. Capacitors.
Feedback. Bonding. Electropletlng, Circuits.

TIMM tube research and development afforts were
continued in the _reao of electrical and mechan-

ical design, materials evaluation, component
fabrication and evaluation, module fabrication

and radiation effects studies and evaluation.

Triode grid investigation programs were con-
tinued with emphasis being placed on improvement

of previously used tensioning techniques and the
evaluation of new techniques end means to stretch

the mesh and to control grid flatness in the fin-
ished device. An optical grid transparency meas-

uring instrument has been designed and is cur-
rently being used for 100 per cent sorting of

grids. Programs are continuing to design 8
hexagonal mesh grid, equivalent to the 0.OOA x
0.040 rectangular mesh, for improved mechanical

strength. A TIMM pentode is being developed for
improred electrical performance. DeniEs param-
eters are discussed and desired electrical char-
acteristics and cross section views of the device

ere presented. (Author) /_ 2..

o_ _.. .o. -.

AD-.284 410 Div. 7, 20
(TISTIf/PCR) OTS price tJ._O

General Atomic Div., General Dynamics Corp.,
San Diego, Calif.

HIGH-TEMPERATURE. VAPOR-FILLED THERMIONIC
CONVERTER.

Final rapt., 1 Aug 61-31 Jan 62.

by A. E. Campbell. F. D. Carpenter, and others.
June 62. 112p. incl. illus, tables. 7 rein.
{Rept. no. GA-2911)

Contract AF 33 616 ? _2.{ ( ) /,- . ProJ 3145)
(ASD TR 61-213, col. 2)

Unclassified report

DESCRIPTORS: °Electric power production,

sPewer supplies, *Thermionlc emission, High
temperature research, Power reactors, Space-
I_-ips, Uranium compounds, Carbides, Zirconium
compounds, Cesium, Plasma physics, Manufactur-

_ng methods, Tantalum, Copper, Tests, Instru-
mentation, Fuel elements. Sneciflc,ttnn,

The development of a hlgh-te=perature, vapor-
tilled thermionlc converter for application with
a nuclear reactor for space-vehicle electrical
power generation is described. Problems

associated with the design and operation of e
thermionic converter employing a UC-.ZrC emit-

ter, a cesium plasma for space charge neutrsli-
zat:cn, end a high-teoperature collector are

described. Emitter fabrication techniques are
also described. A test ceil employing s cylin-

drical UC - ZrC emitter, which was pressure
bonded to e tantalum sleeve, and e low-tempera-

ture copper collector, was fabricated and oper-
ated for 400 hours to provide experiments1 date.
The emitter was operated at temperatures of the

order of 2000 C while the collector temperature
was maintained at 200 to 300 C. A conceptual
design study for a thermionic power reactor in-
corporating the thermionfc converter under de-

velopment 18 also included. (Author)

• 12744 (AD-277917) CESIUM PLASMA STUDIES

FOR THERMIONIC ENERGY CONVERSION. Final Report.

R. C. KnechUi and J. Y. Wada (Huges Research Labs.

Die. of Hughes Aircraft Co., Malibu, Calif.). June 1962.

Contract Nonr 3501(00). 30p.

A new method for measuring the volume recombination

coefficient a of thermal cesium plasmas in steady state

ha8 been devised and perfected, in this method, a thermal

cesium plasma column is magnetically confined between

two plasma generators. The plasma is generated by con-

tact ionization and thermlonic emission. The rate of

plasma generation is controlled by the cesium vapor pres-

sure in the device, the latter being directly measured in

absolute value. The rate of plasma loss (in the range of

measurement of a) is predominantly controlled by volume

recombination, i.e., by a and by the plasma density. The

latter is measured by Langmuir probes. The recombina-

tion coefficient is then found as a function of the measured

ion and neutral densities by equating the rates of ion gen-

eration and ion loss. The dynamics of plasma generation

and loss in the apparatus described above has been ana-

lyzed in order to provide the relations needed for the de-
termination of the volume recombination coefficient a as a

function of the measured ion and neutral densities. Inter-

pretation of measurements performed at relatively low

ucnoiticn {n+ .--* X ,OnS/cm ; s,uL_..s_e as an :vxi!iary

resu_ of these investigations that the probability of surface

recombination of cesium ions on tantalum or tungsten ap-

pears to be substantially lower than that predicted by the

Saha-Langmuir equation. Within the accuracy of our method

of measurement, the values of a obtained in our experi-

ments are in agreement with the values predicted by the

theory of recombination by electron-electron-ion collt-

siena. These seem to be the first extensive measurements

providing quantitative verification of this theory. These

measurements then lead to the conclusion that recombi-

nation by electron-electron-ion collisions predominates

within the ranges of plasma densities (I0 t: to 10 li cm -s)

and degrees of ionization {5_ to 90_) investigated. The

numerical values obtained for a also show that volume re-

combination is of negligible iml_)rtance in the operation of

cesium plasma thermionic energy converters. A modifi-
cation of the apparatus used for the recombination meas-

urements has led to the observation of low frequency os-

cillations in a cesium plasma column between a plasma

emitter nnd a collector. A dmple physical model explain-
Ing these oscillations has been evolved, and a mathemati-

cal analysis based on this model has been performed. Gen-

eral agreement between theory and experiment has been

found, leading to "i satisfactory explanation of these os-

cillations, that seem to be of the same nature as those obo

served in some cesium plasma thermionic energy con-

verters. The results of our investigations thus lead to an

ppropriate exFlanation for these converter oscillations.

uth) tM._/:_ / 6 3
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_11275 (AD-277713) LOW TEMPERATURE TltERM|o

ONIC CONVERTERS Quarterly Technical Progress Re°

port No. 2, March 1, 1962-June 1, 1962. (Ford |nstru-

/mcnt Co., Long Island City, N. Y.). June 1962. Contract

AF33(657)-7663. lip.

Research in the development of low-temperatdre therml-

Chic converters during the period has centered on Im-

proving the reliability of refractory metal envelopes rela-

tive to grain growth anti subsequent permeability and on

improving the output power density of the metal ceramic

cells. New fabrication techniques for pure molybdenum

and use of molybdenum alloys a• well as tungsten have

produced considerable improvement in the grain growth

sit_:ation. Performance of new metal-ceramic cells that

resulted from an analysis of previous cells Is also evalu-

ated. Geometry changes and new fabrication technique•

offer improved performance. Tests on the various Compo- ,

nears are described, and the results are given. (D.C.W.)pF._/]/, 3

]4934 (GA-3330) HIGH-TEMPEI_ATUIIE VAPOR-

FILLED THERMIONIC CONVERTER. Quarterly Techni-

cal Progress Report, March 15 through June 39, 1962.

R. Skoff (General Atomic Div. General Dynamics Corp.,

San Diego, Calif.). July 13, 1962. Contract AF33(657)-

8563. 14p. (AD-278816)

Research covers the work done on a bench test of an

unclad thermionic converter. The objective is to produce

an efficient, high-power-density, long-life thermionic

power converter using a uranium-zirconium-carbide

emitter and a high-temperature nickel collector_t_

v 12745 (AD-277940) TIIE DEVELOPMENT OF AN

AUXILIARY ELECTRODE TIIERMIONIC CONVERTER.

Second Quarterly Technical Report, March 15, 1962 to

June 15, 1962. F.G. Block and J. J. O'Grady (Radio Corp.

of America. Electron Tube Div., Lancaster, Penna.}.

June 29, 1962. Contract AF33(657)-8005. 35p.

The feasibilityand development program for the three-

electrode thermionic converter was continued. Evaluations

of several new geometries and processes were made with

particular emphasis on the improvement of cesium pur'.ty.

This last investigation produced impressive results in

raising the power density and efficiency of the converters

and achieving a more uniform product with which to eval-

uate changes in design. The overall design of the six-volt

generator was determined. This design is being translated

into component prints and assemblies and orders have been

placed for the fabrication of the initial parts. Material in-

vestigations were performed at the three temperatures of

interest. The program requires a 1000-hour test. TMs
limitation resulted in a few evaluations of material com-

patibility with cesium.. (auth) . _ _ /b_
-o. ., _ .....

F

21368 (AD-282179) FEASIBILITY DETERMINATION

OF A NUCLEAR THERMIONIC SPACE POWER PLANT.

_uarterly Technical Progress Report for Period May 1,

1962 through July 31, 1962. (AeroJet-General Nucleonics,

Sen Ramon, Calif.). Contract AF33(657J-8977. 12p.
(A_-693)

Research on a thermioMc radiation system is reported.

In developmental work on bending of energy converter ma-

terials to liquid metal tubing, a previously AIzO _- sprayed

Nb tubing svec/men was examined metallographically.

Results showed that the coating ha• about 40q_ porosity and

that the AIzO_-Nb bending is good. Other samples involving

plasma-sprayed AI20 _ on steel had about 10 to 15q_ porosity

and good bonding. Other work is reported on preliminary

design of a liquid metal loop for demonstration of therml-

onic Converter•. (J.R.D.) _ ._) A ! b'_

*18889 (AD-284457) THERMIONIC CONVERTERRE-

SEARCH. Report No. 4. Final Report, July 1. 1961-

Jane 30, 1962. Report No. 25057. R. Laubenstein,

W. Beyermann, and 8. Chang (Marqua:dt Corp., Van Nuy•,

Calif.). Contrac:DA36-039-sc-87217. 63p.

Two methods were investigated for production of posi-

tive ions for neutralizing the electron space charge in •

thermionic converter which operates at relatively low

temperatures. Low temperature converters with emitter

temperatures _,f 1200"C or lower are potentially useful for

operation with small heat sources which burn ordinary

fossil fuels in air. Data were obtained on arc mode op-

eration of Cs vapor diodes with Me and with Philips B

emitters at 1000 to 1300"C. Power densities of about 0.3

to 1.0 w/era 2 were obtained depending on emitter tem-

perature and material. The presence of an auxiliary elec-

trode in the form of a radiation shield surrounding the

emitter had a significant effect on diode performance with

the Phflips B emitter. The effects of the auxiliary elec-

trode include an increased power output and an increased

voltage at maximum power. With the Philips B emitter

the m,'Lximum power output occurred at a lower Cs pres-

sure than with the Mo emitter. Materials which emit posi-

tive ions at 1000 to 1200"C were also studied. (auth). t"

953 (ASD-TDR-62-412) DISCHARGE EFFECTS IN

A CESIUM DIODE. James Lawson Coggins (Massachusetts

Inst. of Tech., Cambridge. Research Lab. of Electronics).

Aug. 15, 1962. Contract AF33(5i6)-7624. 36p.

An investigation to determine the feasibility of neutral-

Izing the electron space charge in Cs thermionic convert-

ers with ions formed by the collisions of electrons with

neutral atoms is described. Equations were set uD for the

ion density and subsequent potential function for a low-

pressure plasma In which the ions are formed by collisions
of atoms with electrons emitted from the cathode with a

Maxwellian velocity distribution. The special case of zero

field at the emitter was taken to simplify the mathematics.

Voltage versus current characteristics were determined

experimentally, for a Cs diode with a iow work-function

impregnated W emitter operating at 1410"K and an elec-

trode spacing of 0.254 cm. Cs vapor pressures correspond-

ing to condensation temperatures of 30, 100, and 155"C

were used. The results indicate that higher Cs pressures,

leading to more dense plasmas and successive collision•

between electrons and excited atom•, are needed for com-

plete • pace-charge neutralization. (auth} _%_ /(a ._
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DIRECT CONVERSION OF FE_SION HEAT TO' "'

"/19886 ELECTRIC POWER. p.D.Dunn, G.Rice, L.G.Sanders,

D.A.Watt, J.Adam, R.J.HIU, J.G.Purchas, C.C.H.Wheatley and

_.A.McWilliams.
Nature (GB), Vol. 195, 65-6 (July I, 1962).

Describes the constr_ction of a caesium neutralized diode

used in the reactor Pluto. The highest current achieved was 140 A

with a voltage of 0.3 V acrOsS the load which was not matched.
Elllclencles with a matched load would be between 5 and 10%. No

deterioration in performance was noticed after 38 hours at outpotJ.W.Sturgess
currents of about "/0 A. /31_f-'_

A1)-28_ £57 Div. 7

(TISTE/CRJ) OTS price t7._O

Marquardt Coxp.. van Nays. Calif.
THERMIONIC CONVERTER RESEA_G_,

Rept. no. 4 (Final). 1 July 61-30 June 62,
by R. Laubeustelu. M. Beyermauu. and B. Chaug.
July 62, 6_p. incl. illus, tables, 3 refs.

Rept. no. 25037) .
Contract DA 36-0_sc-87217)

Unclassified report

DESCRIPTORSt UThermlonic emission, UDiode8,

• Iouic current, Space charges, long, Heat
production. Cesium. Electrodes, Design e

Molybdenum. Production.

Two methods were investigated for providing
positive ions for ueutrali_ing the electron
space charge lu a thermiouic converter which

operates st relatively low temperatures. Low
temperature converters with emitter temperatures
of 1200 C or lower are potentially useful for
operation with small heat sources which barn

ordinary fossil fuels in sir. Data were obtained
on arc mode operation of CeSium vapor diodes with

molybdenum end with Philipa H emitters is the
temperature range 1000 to 1300 C. Power deu-

8tries of about 0.3 to 1.0 watt per sq cm were

obtained depending on emitter tomperature and

mat'rial. The presence of an auxiliary electrod.
in the form of a radiation shield surrounding the

emitter had a significant effect on diode per-
formanc_ with the Phillps B emitter. Th_ effects
of the auxiliary electrod_ includes an increased

power output and an increased voltage at maximum
power. With th_ Philips B emitter the maximum

power output occurred at a lower cesium pressure

than with the molybdenum emitter. Materials
which emit positive funs when heated in the rung.
of 1000 to 1200 C w_re also studied. (Author)

Chemical-Thermionie Auxiliary Power Systems. C.V.BUF, KLAND.
AIEE--Tra,ns v 81 pt 2 (App;Icatlons g_ Industry) n 6t July 1962

p 193-6. Analysis of problerns of matching performance of high-

temperature plasma-thermionlc static-energy conversion device
to heat source consistingof combustion products ofchemlcal fuels;

it is concluded thatchemical-thermloniC power system ispromis-

ing concept as source of electrlopower, in amounts rangingfrom
watts to megawatts for number of aerospace applicatiOnS,paper

61-919. /___. _-2._

A0-282 990 Uiv. 8
(TISTW/RD) OTS price 49.60

Westinghouse Electric Corp., Elmira, N. Y.

HIGH TEMPERATURE PtIOTOELECTRIC TECHNIQUES AND
MATERIALS.

Final technical rept., Apr 59-31 July 61.
by Vincent J. Santilll. Harry Shabanowlts, and

Zoltan Szepesl. July 62. 59p. illus. 15 rein.
!Contract N0bs r-775_6)

Unclassified report

DESCRIPTORSt mPhotoelectrlc cells, aPhot0-

electric materials. NPhototubes. Photoemissioa,
Photosensitivity. Photoccnductivlty, Camera

tubes. Photomultipllers. Semiconductors.

Arsenic compounds. Selenldes. Sulfides. Alkali
metal compounds, Thermlonlc emission,
Iconoacopes.

Studies =ud investigations on high-temperature
photoelectric techniques and materials were
directed toward maklng available a means of

sensing light for photosensitive devices operat-

ing In environments up to 120 C. Two general
parallel approaches were followed: Approach A -
Studies of photoemissive processing techniques

and materials leading toward their applications
in photomultiplier type tubes. Approach B -

Studies of photoconductive processing techniques
and materials leading to applications in vldicon
type pickup tubes. The prime objective of each

approach was supporting research to make possible
photosensitive devices operable at elevated tem-

peratures and responsive to low-level visible

light such as emitted by cathode ray tube
phosphor screens. Materials resulting from these
investigations were to be "capable of application

in tubes'in such a manner as to yield extremely
uniform sensitivity over photocathode ureas and
remain stable over a reasonable period of life
(100 to 200 kr).

/ '2t

Thermionl¢ Converters in Large Nuclear Electric powerplant

in Space. D.T.BERNATOWICZ. ARS J v 32 n 8 Aug 1962 p 1256-61.
parametric analysis is presented, and thermlordc systems are
compared to Ranklne cycle turbogenerator on basis of radlator
area per unit of output power; thermlonlo performance Is com-
puted with height of potentl_ barrier above Fermi levels in cath-
ode and anode as parameters; minimum possible radiator area is
determined for several cor_gurationa as function of cathode and
radiator temperatures; given scheme permits substantial sav-
ings In radiator area, up to 507o at cathode temperatureof 1700
K and up to 80_ at 2300 K. #.= _ r_

"14925 (AD-278817) EVALUATION OF A MOLYB-

DENUM EMITTER, LOW VOLTAGE ARC THERMIONIC

POWER CONVERTER. Quarterly Technical Progress Re-

port No. I. E.A. Baum (General Electrlc Co, Power Tube

Dept., Schenectady, N.Y.). Aug. 1962. Contract AF3$

(657)-8323. 22p.

Initial work i8 reported in a program to define and

minimize the life-limiting factors affecting the usefulness

of low-temperature Cs vapor thermionic converters. The

program is basically directed toward life test evaluation

of state-of-the-art vapor converters utilizing Me cathodes.

During the report period, design of the life test equipment

was completed and fabrication started. Preliminary teats

were made on one device. (J.R.D.) _ A _



Electrical Energy from High-Temperature Plasmas, JoI_.WAY*

MOUTH. InstnElec Engrs--J v8n92Aug 1962 p 380-3. Theoretical

calculations and experimental data for hot and cold electrodecon-

verter for extracting power iron high-temperature pins•m; unlike
other plasma converters, this can be h-v generator; efficiency of
36% has been obtained at power level of 25 w. and efficiency o_

67% may be possible at thermonuclear temperatures. _._

.Jt_-288 092. Die. 8, 25 ' " : "

(TISTP/MH) 0TS price 15.60" , +.

Aerospace Corp.. El $egundo, Calif.
EFFECT OF SCHOTTKY EMISSION ON THERIIONIC

CONVERTER CURRENTS IN IGNITED MODE,

by G. L. Johnston. 15 Aug 62. 4_P. incl. lllnl.
table. 25 rats. (Rept. no. TDR-69(2220-50)TR-])

(Contract AF 04(695)69)
(DCAS TDR 62-149) Unclassified report

DESCRIPTORS: eTbermionic emission, eElectrie
fields, UWork functions, WAaodes, eElectro•s.

eElectric currents, aSp•co charge, Cesium.

A theoretical model of •'cesium thermiosic con-

verter operating in the ignited mode is investi-
gated to determine the p•ssible role •f Scbottky
emission produced by the accelerating field of an
ion rich emitter sheath in causing the high cur-
rents observed in that mode. The electric field

intensity adjacent to the emitter is determined
as • function of plasma density, electron temper-
ature, and emitter sheath potentl•l by integrc-
alan of Poisson's equation between sheath edge

and emitter. The interelectrode plasma is con-
Siderated to be uniform. Simultaneous solutioe

of relationships permits generation of current-
voltage characteristics. The Schottky effect is

a substantial contributing factor in the produc-
tion of observed high currents. The present
analysis yields currents which saturate with re-
duced load voltage in contrast to the behavior

of experimental characteristics. This strongly
suggests the operation of other mechanisms, in
addition to the Schottky effect, which produce a
reduction of work function with reduction of load
voltage. (Author)

17777 EXTENDED SPACE-CIfARGE THEORY IN LOW-

PRESSURE THERMIONIC CONVERTERS.
R.G.Mclntyre.

J. appl. Phys. (USA), Vol. 33. No. 8, 2485-9 (Aug., 1962).

The problem of space-charge limited currents in a diode with

plane-parallel electrodes is considered for the case where space

charge limitations are counteracted by the introduc¢ion of ions at the

cathode. The "no-collision" approximation is _Jsed,in wblch L,:.-

elastic and short-range elastic collisions are neglected, and each

particle interacts with the Coulomb fieldof nil the other particles.
The electrostatic potentialis determined, in a self-consistent

manner, from Poisson's equation. The equations are simplified
by transforming to reduced variables in a manner described by
Langmulr and others. The first integrations of Poisson's equation
are given for the six most important cases.. The first of these was

reported by Auer, but rigorous analysis of the remalning five case•

has not been previously reported. Analytical solution of the first

order differentialequations derived is impossible. Numerical

solutions were obtained for illustrativepurposes on the IBM 704

computer. More conlpi_-_?_umerical •glutton• are being coralled.

AD-287 519 Die. 7, 8
(TISTE/CRJ) OrS price $7.60

Westinghouse Electric Corp., Pittsburgh, pn.
HE_T DIODE CONVERTER.

Interim scientific rept. no. y. 1May-_1 July 62.
20 Aug 62. lv. incl. illus, table, 9 ref•.
(Contract AF 33(616)8262)

Unclassified report

DESCRIPTORS: _Thermionic emission. *Dlodes.
*Electrlc power production, Rhenium. Materials,

Electric fields, Tantalum compounds, Carbides,
Voltage, Electric currents. Discharge tubes,
Ionic current. Refractory materials. Thermal

conductivity. Vapors. Rubidium, Temperature.
Cesium, Theory

Contentst

Cu.'rent-voltage characteristics of materials
in variable spacing cell

Measurements in plasma anode discharge cell
Electron and ion emission from cesium costed

refractory metals in electric fields
Electron reflection measurements

Rubidium _npor thermal conductivity /_/'P'_



/
JAD-284 678 Die. !

(TISTP/FR) OTS price $1o00

Research Lab. of Electronics, Mass. ]nlt. of

Tech., Csmbrldge.
DISCHARGE EFFECT_ IN A CESIUM DIODE,

by 3ames Lawson Cogglns. 15 Aug 62. 27po /n¢|.
illus, tsbles, 11 refs.

Contract AF 33(616)7624, ProJ. 8173)
ASD TDR 62-412) Unclasslfled report

DESCRIPTORS: _Diodes, aThermienlc e_ISslos,

.Space charges. Cathodes, Anodes, Cesium,
Ions, Electrons. Atoms, Ionlzstioe.

JThe feasibility of neutrslizin9 the electron

space charge in a cesium thermion]c converter
with ions formed by the co11|slons of e]ectrons

with nevtra! atoms was investigated. Equations
were set up for the ion density and subsequent
potentlsl /unction for s low-pressure plasma in

which the ions ere formed by collisions of atoms
with electrons emitted from the cathode with s

Maxwelllan velocity distribution. The special
case of zero field st the emitter was taken to

simplify the mathematics. Voltage-versus-current
¢hsracteristlcs were determined experimentally
for a cesium diode with s low work-function

impregnated tungsten emitter operating st
141C K sad sn electrode spscing of 0.254 cm.

Cesium vapor pressures corresponding to conden-
sstlon temperatures o_ 30 C, 100 C, and 155 C
were used. The results indicated that higher

cesium pressures, leading to more dense plasmas
and successive collisions between electrons and

excited atoms, are needed for complete spsce-

charge neutralization. (Author) [___

6373 (ASD-TDR-62-693) POWER CONVERSION BY
LECTRON CONVECTION. S.R. Hoh and W. L. Harries

(ITT Federal Labs. Div. of International Telephone and

Telegraph Corp., Nutley, N.J.). Aug. 20, 1962. Contract

AF33(616)-7941. 32p. (AD-291683)

A new electrohydrodynamlc system that is capable of

converting thermal into e_,ectricM power was studied.

Conversion was accomplished by the forced conveCtion

of thermionlc electrons emitted from an alkaline metal

emitter. Analytical and experimental studies showed that

this new type of converter is feasible and practical. Oat-

puts up to 18 volts were obtained under open circuit con-
dition with emitter temperatures as low as 450"C. Short

circuit output currents were near the emission current of

the emitter. (auth) _'_ '_

present State of Energy Converters. H.BILLETT. p.D.DUN_.
En_Ineerln__ v 194 n 5027 Aug 24 1962 p 254-6. Current research
Is centered on 4 ma_or fields aliofwhJch attempt to eliminate inef-
ficient heat flow stage of converslon or highly stressed components

in high temperature areas; thermlonlc generators of both close-

spaced and neutralized type are suitableforlowpower app!|c_*-ionS,

principles of magnetuhydrodynamlC converters have been de:noa-
a ed h drox is under development but stpresent applicableto

sir t , y nm eto Issms-
low of perhaps medium powers; flow diagram shows gn p

dynamic power generation experiment st parsons Nuclear_._ _.,_Reaej_h
CentrL

oRIGIN OF THE OSCILLATIONS IN A LOV/-PRE_S.URE.

• 19884 THEP_IONIC CONVERTER. p.Mazur.

,1. appl. Phys. (USA), Vol, 33, No. 8, 2653 (Aug., A962).
Many investigators have observed oscillations in gas-filled

thermionlc converters; these were thought to be due to small pert-
urbatlons which caused the st,.,tionary states (solutiOns to the Vlasov

equation) to oscillate, ilowever, from ubservattonS made by the
author, stattOo.xry states appear to be non-ex_stent in the regionC.Greavea

where the oscillations were observed. _?_ (B_.
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V24726 (ASD-TDR-62-877) ADVANCED SOLAR

TIIERMIONIC POWER SYSTEMS. [Period Covered] June

1960 to August I'J62. (Thompson Rnmo Wooldrldge Inc.,

Cleveland). Aug. 1962. Contract AF 33(616)-741L 239p.

(ER-5038; AD-295917)

A state-of-the-art survey of all components required for

solar thermionic power systems in the l- 10 kw range

suitable for application in aerospace vehicles Is presented.

The results of the survey and development program are

used in a comprehensive parametric study (o determine

design criteria. The devclopmcpt program includes evalu-

ation of thermion_c converters of the vacuum and vapor

t)_e. Design, fabrication, porformance, and evaluation of

thermionic converters and generators are presented. The

design, performance, and test spcciflcation for a 1.5 kw,

28 volt solar thermionlc power system are presented.

(auth) _i _ t_ _o

J|492S (AD-278817) EVALUATION OF A MOLYB-

DENUM EMITTER, LOW VOLTAGE ARC THERMIONIC

POWER CONVERTER. Quarterly Technical Progress Re-

port No. 1. E.A. Baum (General Electric Co, Po_er Tube

Dept.. Schenectady. N.Y.). Aug. 1962. Contract AF33

(657)-8323. 22p.

Initial work is reported in a program to define and

minimize the life-limiting factors affecting the usefulness

of low-temperature Cs vapor thermionic ccnverters. The

program Is basically directed toward life test evaluation

of state-of-the-art vapor converters utilizing Mo cathodes.

During the report period, design of the life test equipment

was completed and fabrication started. Preliminary testl

were made on one device. (J.R.D.) 14 _ f'_ r (0 ,_

) 20604 EXPERIMENTAL OPTIMIZATION OF CESIUM

VAPOR TIIERMIONIC CONVERTERS WITH METAL EMIT-

TEP, S. C.C. Weeks, R. C. Dahleen. and J. E. Gingrich

(Atomics International, Canoga Park. Calif.). Advan. En-

ergy Conversion, 2: 315-23(July-Sept. 1962).

Parametric st-'_:es are being conducted utilizing both

cylindrical fixed-spacing and parallel-plane, variable-

spacing thermionie converters. A brief descrt_lon of the

design and fabrication of these converters is given, and the

teclmiques of component preparation, the use of getters and

the philosophy of operation are illustrated. The instrumen-

__ tation for control and measurement of the various parame-

ters is discussed. The emitters of these parallel plane and

cylindrical diodes are heated by electron bombardm, ent.

Constant power input is achieved by using a controller which

is insensitive to back heating from the emitter. The load

which Is used with these diodes can be varied to produce the

full operating range from reverse currents to the applied

voltage region. At the higher emitter temperatures, surface

Ionization appears to be sufficient for space charge neu-

tralization. Under these conditions the power density of s

converter, operated at c_nstant emitter ten,._rat,r-z and

optimum cesium pressure, increases as the spacing Is de-

creased. At lower emitter temperatures, approximately

1450"C and less for molybdenum, surface ionization is in-

sufficient to neutralize the space charge. Thus. the addi L

tional ions must be supplied from volume ionization, result-

ing in an optimum _pacir_g for maximum power densities.

Curves showing power densities, optimum cesium pressures,

and optimum collector temperatures versus spacing for the

variable spacing diode are given and discussed. Efficiency

curves for several refractory emitters are given. The ef-

fects of the individual optimization of cesium pressure,

collector temperature, and load resistance are shown for

both "ignited" and "unignited" modes of operation._auth)_ 3

20605 EXPERIMENTAL MEASUREMENT AND INTER-

PRETATION OF VOLT-AMPERE CURVES. J.E. Gingrich,

C. Warner, and C. C. Weeks (Atomlcs Internatlonal,Canoga

Park, Calif.). Advan. Energy Conversion, 2: 325-33(July-

Sept. 1962).

Cylindrical and parallel-plane cesium vapor thermionlc

converters were used for obtaining volt-ampere curves for

systematic variations of emitter, collector, and cesium

reservoir temperatures, with electrode spacings ranging

from a few to many mean free paths, and with space charge

conditions Varying from electron-rich to Ion-rich. The re-

sulting curves exhibit much variety. The saturation cur-

rents agree well with the data of H,,uston and Aamodt for

the space charge neutralized, f_,-mean-free-path cases.

"Apparent" saturation currents f(,,"space charge limited

cases were observed and were always less than the cur-

rents predicted by Houston and Aamodt. Several discon-

tinuitiesin slope were observed in the reverse current

portion of the curves and these have tentatively been Iden-

tifiedwith volume ionization of atoms In both the ground

and excited states. Similar processes may be Important

for obtaining the ignited mode. The methods used to meas-

ure static and dynamic volt-ampere curves are described.

The use of a controlled-current load has y!elded a "nega-

tive resistance" region in the curves which show the Ig-

nited mode. The curves obtained with poor current control

do not show this phenomenon. Extinction is considered

from the standpoint of Kaufmann's criterion for stability.

(auth) tJ S _ b __

20606 DESIGN AND OPERATION OF LABORATORY

TYPE PARALLEL PLANE CESIUM THERMiONIC CON-

VI_RTERS. V.C. Wilson and J. Lawrence {General Elec-

tric Co., Schenectady, N. Y.). Advan. Energy Conversion,
2: 335-40(July-Sept. 19627.

Two parallel-plane converters are described. Evidence

presented Suggests that an auxiliary discharge to a guard

ring increases the output power of these converters. _lle

driving one tube with a 60 cps transformer, a current of

110 amp/cm z was drawn at an emitter temperature of

2000"K and with the collector 1.5 v positive with respect
to the emitter. (auth)

•, ,,_ %

20607 CItARACTERISTICS AND LIFE TESTS OF CY-

LINDRICAL TIIERMIONIC CONVERTERS. J. Lawrence

and V. C. Wilson (General Electric Co., Schenectady, N. Y.).

Advan. Energy Conversion, 2: 341-51(July-Sept. 1962).

Thrc,.- cylindrical thermionie converters with emitters

of tantalum, molybdenum, and niobium have been built and

are being life tested. They were designed specifically for

life tests in air with electron bombar<lment heating. The

dimcns:'ons and operating temperatures chosen are consid-

ered reasonable for a nuclear reactor application. Design

details are presented and output characteristics such as

functions of cesium pressure and emitter temperature are

given for each converter. All three devices are now oper-

ating and have run from 2200- 33C0 hr. Although they have

not yet achieved the normal life of a nuclear fuel element,

_it is encouraging that no basic failures have been experi-

enced. (autl_



20608 NUCLEAR THERMIONIC FUEL ELEMENT EX-

PERIMENTS. H. M. Ogle, G. I. Samstad, and C. A. yon

Datum (General Electric Co., Pleasanton, Calif ). Advan.

Energy Conversion, 2: 353-61(July-Sept. 1962).

Several in-reactor tests of plasma diodes have been per-

formed at the Vallecitos Atomic Laboratory to gain design
information for reactor thermionie fuel elements. These

experiments were designed to furnish data in three major

areas: (1) comparison of out-of-pile performance and in-

pile operation; (2) special diode fabrication techniques re-

quired for in-pile operation; and (3) test facility require-

ments for adequate control of converter parameters, tn

order to control the variables of interest an in-pile experi-

mental facility has been developed for testing these diodes.

A high neutron flux (4 × 10 I_ nV unperturbed) is available

with provisions for controlling and monitoring cathode,

anode, and cesium temperatures as well as diode output

power. Problems encountered during in-pile tests and so-

lutions that have been employed to solve these problems

are discussed. Plasma diodes have been designed to oper-

ate in a high neutron flux, and to generate their own cathode

heat by fission within the cathode. Several different geome-

tries, materials, and fabrication techniques which have with-
stood the severe environment of a nuclear reactor have been

tested. For example, a number of different methods have

een employed for supporting the cathode of the converter.
IPreliminary findings of these tests are described. (auth)

• 20609 TItERMION1C CONVERTER EXPERIMENTS.

J. H. Ingold, E. Blue, and W. J. Ozeroff (General Electric

Co., Pleasanton, Calif.). Advan. Energy Conversion, 2:

363-73 (July-Sept. 1952).

The thermionic properties of polycrystalline bulk sam-

ples of several refractory metal carbides in vacuo and'in

cesium vapor have been determined. Some typical Richard-

son plots of experimental data obtained by a low-field

method are shown, and a summary of the results is pre-

sented in tabular form. Most. of the carbides investigated

can be characterized by an emission constant in the range

40-90 amp/era 2 deg 2 and a work function in the range 4.0-

4.2 v. In addition, current-voltage characteristics typical

of those obtained for the same carbides immersed in cesium

vapor are shown. No gross differences in the cesium char-

acteristics of the different carbides were observed. Finally,

current-voltage characteristics obtained for a thermionic

converter operating with a collector temperature in excess

of I000°K are shown. A power output of 4.5 W/cm 2 was ob-

tained for a planar Cs-on-Ta converter at an emitter tem-

perature of 2250°K and a collector temperature of 1725*K.
(autl_

20610 RESEARCH ON CESIUM-VAPORCELLS EM-

PLOYING CARBIDE CATIIODES. Hugh L. Garvin (General

Atomics Die., General Dynamics Corp., San Diego, Calif.).

Advan. Energy Conversion, 2: 375-57(July-Sept. 1962).

The status of a research program is reported in which

the performance of cesium-vapor thermionic cells employ-

ing carbide emitters is being studied. Vacuum emission
measurements were made on a series of samples, which

were polycarbidcs of uranium and zirconium. Certain of
these carbides were incorporated into parallel-plane cesium

ceils in which studies were made of the electrical output

characteristics. Results indicated that the cells operate in

a discharge mode for cesium pressures exceeding O.l mm

ltg and that maximum po^'er output decreases linearly as

the interelectrode spacing increases. (auth)

20612 ANALYSIS AND NUMERICAL SOLUTIONS TO

THE SPACE-CHARGE POTENTIAL PROBLEM IN LOW-

PRESSURE THERMIONIC CONVERTEP, S. R.G. MeIutyre

(Texas Instruments Inc., Dallas). Advan. Energy Conver-

sion, 2: 405-16(July-Sept. 1962).

The problem of space-charge potential distribution in •
diode is considered for the case where limitations are

counteracted by the introduction of ions at the emitter. The .

no-collision approximation is used, in which lnelasti© and

short-range elastic collisions are neglected and each parti-

cle interacts with the Coulomb field of all the other parti-

cles. The electrostatic potential is determined, in • eel/-

consistent manner, from Poisson's equation. The equations

are simplified by transforming to reduced variables In •

manner described by Langmuir and others. There are eight

importar, t cases, each describing a different type of spatial

variation of potential in the emitter-collector interspace.

Numerical solutions are presented showing the character of

these potential shapes. For the cases of monc, tonic potential

functions, for spacings on the order of Auer's characteristic

distance, the curves are very nearly linear. For slightly

wider spacings the curves begin to bend over until, finally,

there clearly exist emitter and colle.tor sheathes separated

by a wide region at uniform potential. In the two ease•

where the potential reaches an extremum but does not re-

turn to zero, the results show an emitter sheath backed up

by a region rich in the oppos;.te sign. As spacings are In-

creased an oscillatory solution with regions alternately rich

in ions and electrons is found. For cases where the poten-

tial reaches an extremum and passes through zero to • col-

lector potential of the opposite sign the results show • dou-

ble sheath at the emitter and a simple sheath at the collector

separat.ed by a wide region of essentially uniform potential

between zero and the collector potential. For certain col-

lector potentials an extremum of the same sign but larger

than the collector potential in absolute value also is found.

In these cases, for wide spacings, one a_ain finds spatially

oscillatory solutions. The ca_es are fouled to be uniquely

determined by the anode potential and the degree of spa¢_

charge neutralization provided for. There appears no over-

lap of the cases. Smooth transitions are found in making

change in the externally controlled parameters. (auth)/_



20613 A PLASMA-SHEATH THEORY FOR NOBLE GAS

TIIEBMIONIC CONVERTERS. C.B. Leffert (General Mo-

tors Corp., Warren. Mich.). Advan. Energy Conversion, 2:
417-36 _luly-Sept. 19627.

A plasma-sheath theory is described for computing the

V-I characteristics of noble gas thermlonle converters.

] Application of this theory in the form of an IBM computer

code to laboratory and in-pile experimental dat_ is pre-

sented. The assumptions in the theory are twofold: (I) a

spatially uniform ion density is assumed in the interelec-

trode plasma between the emitter and collector sheaths;

and {27 the ion loss rate is taken to be independent of the

diode voltage. The basic plasma-sheath equations are pre-

sented, and the operation of the computer code to produce

the theoretical voltage-current character, sties is outlined.

The experimental data from the operation of laboratory and

/n-pile thermionic converters are analyzed by adjusting

plasma parameters to fit the theoretical to the experimental

voltage-current characteristics. A reasonable fit of the

theoretical curves to the experimental curves is obtained.

R was found that the ion density in the plasma varies con-

siderably with the diode voltage. The effects of such vari-

ables as volume recombination of ions. plasma resistivity,

and tube geometry on the voltage-current characteristics

are discussed. The general V-I characteristics obtained

from the code for a Gabor-type triode are described, rhe

results show a significant increase in the ratio of the output

current to the ion source rate for a large collector to emit-

ter area ratio not only for the plasma limited case but also

t for the power producing region of the emission limited casg. __utt_ _ bA 'b_

20614 A PRELIMINARY ANALYSIS OF.THE ARC

MODE CESIUM CONVERTER. T. Jarvis (Ford Instrument

Co., Long Island City. N.Y.). Advan. Energy Conversion,

2: 437-46{July-Sept. 1962).

Thermlonie converter operation has previously been ob-

served to occur with emitter temperatures and work func-

lions too low for surface ionization. In addition, disconti-

nuities and quasi-stable operation were observed. A

qualitative identification, of this type of operation with the

low voltage arc is made. Analysis of the are requires solu-

tion to the three fundamental problems of ionization mecha-

nism, thermalization, and energy balance. It is shown that

a solution for the first presents an apparent violation of the

third. Analysis of thermallzation indicates that processes

more rapid than the usual collective interaction must occur.

In particular, Maxwelllan electron energy distribJtton close

to the collector, or the "Langmuir Paradox," indicates the

need for an oscillatory interaction mechanism. A brief d_.s-

cussion of possible are models is given together with a re-

view of techniques for obtaining the temperatures and den-

lsities within the arc plasma. (auth) ]_ _ _ t[ o _)

$2061S THE SURFACE IONIZATION AND VOLUME

IONIZATION MODES OF OPERATION IN THE THERMI-

ONIC PLASMA ENERGY CONVERTER. M. E. Talaat

{Martin Marietta Corp., Baltimore). Advan. Energy Con-

version, 2: 447-58(July-Sept. 19627.

The plasma diffusion equations for electrons and ions,

Poisson's equation, the continuity equations, and the pro-

portionality assumption are examined and solutions are
obtained for two cases: (1) when the ions are primarily

produced at the emitter electrode surface, and (2) when

important volume ionization exists in the interelcctrode

space. These solutions are then used to examine typical

examples of the two modes of operation of the thermionic

plasma energy converter. One, the surface ionization mode

of operation, is characterized by an output current density

that represents a fraction of the Richardson saturation

current density and the second mode, the volume ionization

mode of operation, is chaxaeteri-_ed by an output current

density approximately an order o_ magnitude higher than
the surface ionization current density. R is shown that for

the surface ionization mode of operation the current den-

"sityat maximum power is proportional to the electron den-

sity at the emitter sheath edge, is proportional to the mesa

free path of the electron, and is inversely proportional to

the interelectrode spacing. V,_en the electron temperature

is raised by going toward short circuit conditions, high

volume ionization takes place and a new stable operating

region may be reached when the electron temperature is

such that the generated ion density in the interelectrode

space gives rise to a high electric field e at the emitter

surface {due to the plasma ions reaching the emitter sur-

face from the plasma region). The high volume ionization

mode of operation is maintained as long as the energy bal-

ance equation is satisfied at the high electron temperatures

necessary for maintaining the high plasma ion current den-

sity collected by the emitter electrode. The plasma ion

current density reaches, in typical examples, values which

are tluee orders of magnitude greater than the typical ion

current density generated by surface ionization (the Saha-

Langmuir equation). The latter current density is sympto-

matic of the surface ionization mode of operation. The

transition from volume ionization mode to surface ioniza-

tion mode is reached when the electron temperature neces-

sary for adequate volume ionization does not satisfy the

energy balance equatioil. (auth} _ 5 _ t'b3

ipared with experimental data. (auttO

20616 SPACE CHARGE ANALYSIS OF THE CESIUM-

FILLED THERMIONIC DIODE. C. Warner (Atomics Inter-

national, Canoga Park, Calif.). Advan. Energy Conversion,

2: 459-65(July-Sept. 1962).

The space charge problem for a plane diode whose hot

cathode emits both ions and electrons has been considered

by Hernqvist and Johnson and by Auer. This model Is ap-

propriate for the analysis of the low-pressure cesium-filled
thermionie converter in which the ions are generated by

surface ionization at the cathode. Further, the electrode

spacing must be such that the assumption of no collisions

is valid. The variety of potential distributions that can
arise is described, but few numerical results are given.

The numerical results of machine calculations for potential

distributions with variouts ratios of emitted electron to

emitted ion density, electrode spacings, and applied poten-

tials are sys'.ematized and discussed. Some analytical re-

sults, e.g., the necessary and sufficient cot_ditions for the

establishment of certain types of potential distributions,

are given. Some typical theoretical V-A curves are corn-

185



4 20617 THE ENERGY DISTRIBUTION FOR ELEC-

TRONS IN A THERMIONIC DIODE PLASMA CANNOT BE

TRULY MAXWELLIAN. W. B. Nottingham (Massachusetts

Inst. of Tcch., Camb:Idge). Advan. Energy Conversio_,

2: 467-79(July-Sept. 1962).

For the refractory emitters such as tungsten, tantalum,

and molybdenum operated in an energy conversion diode.

the ratio of the emitter temperature to the cesium temper-

ature strongly influences the operating properties. If this

ratio exceeds 3.2 an ion-rich sheath usually forms at the

emitter surface. Electrons are accelerated in the plasma

space by this injection potential. The analysis given here

shows that at the open circuit condition, the energy distri-

bution of the electrons at the plasma edge of the emitter

sheath cannot be a true Maxwellian over the entire range

in electron energy. Instead. it is thought to be made up of

two quasi*Ma_welllans. The low energy electrons are

trapped and may have a high average energy close to that

of the injection potential. The untrapped electrons will

have an electron temperature equal to that of the emitter

and their density will _ that ass o,c!ated with an _parcnt

or fictitious density many times that of the actual density.
/

._,he theory is developed to describe quantitatively the re-

lations that must be satisfied for the above description to

apply. Typical numerical results applicable to specific

diode configurations are presented. It is concluded that if

the emitter to cesium temperature ratio exceeds 3.6. vol-

ume ionization is rot required for a stable sheath. In the

range 3.2-3.6 surface ionization is usually insufficient and

it is necessary to have volume ionization to sustain the

sheath. Further studies will be required to establish the

mechanism. It may be direct ionization by high energy
ectrons or ionization from excited states of the cesium

oms. (anthP N_A _(r _
"20618 THE TRANSITION TO THE ARC MODE AND

ITS INFLUENCE ON THERMIONIC CONVERTER PER-

FORMANCE. H. L. Steele and R. B. Gillette (Boeing Co.,

Seattle). Advan. Energy Conversion, 2: 483-97(July-Sept.
1962).

Several investigators have reported that a thermionie

converter with a given emitter temperature can operate in

either a high current or a low current mode. In earlier

published work, the high current mode was attributed cor-

rectly to volume ionizatlon. At that time, the conclusion

that volume ionization was occurring was based o,_ *.._e ap-

pearance of a glow in the space between emitter aed col-

lector as the voltage of the collector was made more posi-

tive. The discontinuity in the volt-ampere curve at

breakdown voltage is very definite. The phenomenon wu

studied irrespective of whether it occurred in the power

quadrant or with a positive potential applied to the collector.

A detailed analysis of this phenomenon now can be pre-

sented. At low emitter and low cesium control tempera-

tures breakdown occurs when a potential drop near the col-

lector is equal to the ionization potential of cesium. At the

high emitter and high cesium control temperatures, the

breakdown occurs at higher currcl_ts with potential drop as
low as 2 v. This indicates that ionization of excited cesium

atoms is occurring when the converter is operating in the

power quadrant. The V-A curve in the arc mode Is loga-
rithmic, and the voltage at which maximum power occurs

is equal to the voltage equivalent of the electron tempera-

tu_e. It will be shown that electron temperature increases

with cesium pressure. The short-circuit current in the arc

mode was measured and compared with a new theory of the

condition _'hieh determines if a given converter is operat-

ing electron-rich or ion-rich. The current output in the

volume ionization mode is surprisingly independent of emit-

ter tem_rature. This fact is especially important where

scr_.es operation will be requ:_'ed, since it will be difficult

to maintain the same emitter temperatures in all diodes.

The higher efficiency obtainable in the high current mode

and the relative independence of emitter temperature may

help to accelerate the development of thermionic systems.



_0&J9 LOW TEMPERATURE CESIUM PLASMA CON-

VERTER. W. Stenzel and M. Bernstein (Ford Instrumem

Co., Long Island City. N.Y.). Advan. Energy Conversion,

2: 499-521(July-Sept. 1962).

Measurements of space potentials, electron tempera-

tures, electron concentrations, and electron energy d/stri-

butions were made, with the aid of plane l_ngmulr probes

by means of a pulsed technique developed by Waymouth,

inside the discharge of low-temperature cesium plasma

converters operating at an emitter temperature of 1500"K

and a cesium temperature of 200°C. Data obtained at the

center of the discharge showed electron temperatures of
about 10,000"K, concentrations in excess of 10 t2 electrons

per cm _, and space potentials more than I v above the col-

lector potential under normal operating conditions. The

electron energy distributions were strictly Maxwellian.

Adjustable probes were used to obtain variations of the

parameters along the axis of the discharge. Their results

showed that a "virtual collector" exists a short distance

f=om the emitter surface whose potential is from 1.1-1.5 v

ab, Jve the collector potential with respect to the emitter.

The potential curve then remains essentially flat within the

main part of the discharge, the plasma region. 1"he elec-

tron concentration ha_ a sinusoidal variation, reaching s

maximum near the center and having magnitudes between

10 tt and 10 t3 electrons per cm _. The electron energy dis-

tributions are Maxwellian in the center of the plasma, but

exhibit an excess of high energy electrons near both elec-

trodes. The electron temperature rises to a maximum

above IO.O00"K near the emitter and falls toward the col-

lector. A simple physical picture of the discharge is de-

veloped, and It is shown that a one-step Iomzatlon process

by the high energy tail of the electron distribution is suffi-

cient to explain the degree of ionization required to malt-

tain the discharge. Phenomena taking place at the collector

surface are analyzed. One possible mechanism is devel-

oped which can lead to electron distributions of the sam

nature as is observed in front of the collector. Thin mech-

anism is alsc ._hown to aid in the explanation of the so-

called "LaL_.-_n,,dr paradox." (auth) hJ_}°t _
./

206_..2 THE CESIUM VAPOR THERMI(31_C CON -_

VERTER. I. LIMITATIONS IMPOSED BY EMISSION

PROCESSES. N.S. Rasor (Atomics International, Canoga

Park, Calif.). Advan. Energy Conversion, 2: 545-67(July-

Sept. 1962).

Performance limRs imposed on the thermlonlc converter

by the emission of electrons, ions, atoms, and photons are

analytically defined, and their relative Importance Is ap-

praised. Comparison of the analytical results with ex-

perimentally observed performance indicates that emis-

alon processes largely determine the required operating

temperatures and cesium pressures in cesium diode con-

verters. The performance characteristics and relative use-
fulnsss of various classes of emitter materials is esti-

mated, leading to the conclusion that high work function

refractory metals with adsorbed cesium have the greatest

general utility. Criteria for the choice of emitter mate-

rials giving maximum efficiency at a given emitter tem-

perature and spacing in the cesium diode converter are

given, as well as relations permitting the choice of com-

patlble emitter and Ionizer materials in the -_urface lonl-

ration triode. (anth) _'_#) * (6

20623 THE CESIUM VAPOR THERMIONIC CON-

VERTER. II. PATCH AND TRANSPORT EFFECTS.

N. S. Rasor, G. N. Hatsopoulos, and S. Kltrllakls (Thermo

Electron Engineering Corp., Waltham, Mass.). Advan.

Energy Conversion, 2: 569-81(July-Sept. 1962).

Analysis of the electrical characteristics of cesium-

vapor diode tbermionlc converters indicates that non-

uniform emission from polycrystalllne emitters can ac-

count for many of the major nbserved features of the

characteristic behavior. A single crystal emitter showed

grosb changes in Its output characteristics when its sur-

face was etched, Suggesting the creation of patches. Using
the work function distribution obtained from the electrical

Characteristics, a simple model for ion emission neutrali-

zation permits computaflon of the saturation currents of

the ignited and exiin_-uished modes. The computed values

are in semlquantltative agreement with the extmrlmental

data reported. Consideration of the energy baiance and ion

generation requirements for sustaining volume ionization

and energy losses In the ignited mode yields expression8

for the internal potential drop across the cesiu-,_ vapor and

the electron temperature. Consideration of the simplest of

the energy loss contributions shows the assumptions to be

d consistent with the experimental data reported. (auth) .

20624 THE CESIUM VAPOR THERMIONIC CO_I._ " -

VERTER. HI. OBSERVED DEPENDENCE OF PERFORM-

ANCE ON CESIUM PRESSURE, SPACING, EMITTER TEM-

PERATURE AND EMITTER MA'/ERIAL. Sotiris Kltrllakls

and George N. IIztsopoulos (Thermo Electron Engineering

Corp., Waltham, Mass.). Advan. Energy Conversion, 2:

583-600{July-Sept. 1962).

Fxtensive data obtained on the performance of a cesium

vapor diode thermionic converter are described. Volt-

ampere characteristics were obtained for four spacings

from 0.002-0.019 in., emitter temperatures in about 50"

steps from 1600-2050"K, and cesium pressures to 30 tort.

A set of such data for emitters of No T_, Me, W, Re, and

Ir have been obtained. Heat flow through the converter

could be measured by an attached calorimeter. A system-

atic method is described for evaluating the practical sig-

nificance of this large amount of data to permit the choice

of optimum materials and operating points for efficient

engineering design. Evidence is presented that the ob-

served saturation current of the extinguished mode rep-

resents true temperature-limited emission, and thus may

be used to obtain data equivalent to the Langmuir S curves.

/(auth) m(_/._ , 6 5
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_t20625 SPACE CHARGE ANALYSIS OF A PLASMA

DIODE. K.G. Hernqvist and F. M. Johnson (RCA Labs.,

Princeton, N.J.). Advan. Energy Conversion, 2:601-11
(July-Sept. 1962).

A theoretical analysis of the space charge problem for a

cesium plasma diode shows that operating conditions can
be achieved for which there exists no simultaneous solu-

tion of the space ch__.-'_ and converter equations which re-

late current, voltage, and load impedance..These condi-

tions correspond to those for which internal relaxation

oscillations have been e:_l-'erimentaUy observed in a cesium

vapor type thermionic energy converter. Examination of

the normalized distance para,.-neter used in the analysis

indicates that potential distribut!ons I:aving a large number

of potential max!ms and minima n,_y exist ic the ecsl:_,v_

plasma diode. This explains some irregularities found in

the load characteristic and in plasma temperature meas-

urements for the plasma diode. (auth) /y_/'_. t(_

20620 ELECTROSTATIC PROBE MEASUREMENTS

IN A CESIUM PLASMA. R.H. Bu]lis (United Aircraft

Corp., East Hartford, Conn.). Advan. Energy Conversion,

2: 523-6(July-Sept. 1962).

Electrostaticprobe measurements have been made in •

cesium plasma with an electron number density of 101/cm |

generated in a thermionic converter operating in the non-

arc mode condition. Experimental results obtained using •

conventional electrostatic probe with borosllicate glass as

the electrical insulating material around the probe shank

indicate that there is both surface and bulk electrical con-

duction through this material when it is placed in a high

temperature cesium plasma. This surface leakage slgnlfl-

c_tly changes the current-voltage characteristics of tl_

probe so that the correct plasma properties cannot be ob-
tained from this information. Tests of several other elec-

trical insulating materials indicated that similar problems

with electrical conduction were present when the probe was

inserted in the cesium plasma. A novel probe design is de-

scribed, which is comprised of a coaxial metal cylinder"

sandwiched between two layers of insulating material

around the probe shank By maintaining this coaxial eyltn°

- der at the same potential as the probe, the cylinder acts u

a guard ring and prevents both surface and bulk electrical

leakage. A _:omparison is presented of the experimental

results obtained from measurements of the same cecum

• plasma with the two different probes. An electron temper-

ature of 0.i8 ev is measured with the coaxlal probe wbere

the emitter temperature corresponds to 0.12 ev. A meas-
ured electron to ion saturation current ratio of 616 18 ob-

tained with the coaxial probe where a saturation ratio og

494 would be expected in a thermallzed cesium plasma.

These results, when compared with an electron tempera_
turc of 0.£- _ ev and saturation ratio of 1.4 obtained with •

glass shielded probe, are more consistent with existlnj_

jconverter conditions. (autl0 _5_ t(o _.%

]271 (UCRL-7031) DESIGN AND CONSTRucTIoN

FEATURES OF A VARIABLE GAB TIIERMIONIC CON-

VERTER TUBE. W. II. Gust and E. S. McKee (California.

Univ., Ltvermore. Lawrence Radiation Lab.). Sept. 27,

1962. Contract W-7405oeng-48. lip.

Design and construction features are presented for a

parallel-plane thermionic converter tube which has an

interelectrode gap that may be precisely varied from

zero toslx inches. (suit0 ___ _

F 2128 CESIUM VAPOR DIODES. T. L. Matskevtch

(Leningrad loffe Inst. of Physics and Teeh.). Zh. Tekhn.

Fla., 32: 1139-41(Sept. 1962). (In Russian)

Descriptions are given of a simple device with a thorium

oxide cathode capable of thermoelectric energy transforma-

tion with a yield of 0;5 v. The Influence of external mag-

netic field, perpev_lleulsr to the electron motion, on the

thermoelectric energy transformation oscillation ampli-

tude, was determined Volt-amp characteristics were _a-' • f'Jn
mea_ured at various magnetic field intensities. (R.V.J.) ,p-_

J20628 NOISE IN TilERMIONIC CONVERTERS.

E. Kuhn (Republic Aviation Corp.. Farmingdale0 N. Y.).

Advan. Energy Conversion, 2: 63"/-8(July-Sept. 1962).

Emitter activity and patchiness can be assessed from

shot noise response curves of shot noise voltage verseS

emitter temperature, and vapor pressure. Specifically the

characteristics (a) temperature and pressure at which the

noise sharply increases, (b) the rate of change in the slope

of the curve in the transition region between space charge

and temperature limited modes, and (c) the level of space

charge limited noise can give indications of activity and

patchiness at different times of emitter life. These char-

acte_'iqtics can be used as a stethoscope to listen and pre-

dict '_rends in emission capabilities as a function of emitter

lifetime before the effects are reco_lzed in the o_tp_t

power. Appropriate shot noise sensing can be used as •

reliability or quality indicator for electrons emissionthermiooiCooover*er..(au 



UNCLASSIFIED

107061 ADVANCED NUCLEAR EleCTRIC POWER GENERATOR SYSTEM STUDY, VOLUM_
107062 II: TNERMIONIC NUCLEAR SPACE POWERPI2kNT

(Period covered: July 1-September 30, 1962)
Unclassified

Pratt and Whitney Aircraft (R-PWA-2107, Vol. If)
NASw-360

QP_

Although nuclear thermionic powerplants have not been designed

or constructed, this new conversion technique offers significant potential
for static lightweight J#ace powerplants. Therefore, studies of thermicallc

power systems are required to indicate the design regimes where those

systems will be most attractive. In any new technology there are a
number of technical problems or unknowns which have to be identified

and subsequently resolved before the full potential of the concept
can be achieved. An examination of thermionlc reactor designs is needed

to indicate these problems and limitations. The objectives of this study
are: (i) to investigate characteristics unique to the system; (2) to

identify the technical uncertainties unique to the system; including
design, material and fabrication considerations; and (3) to recommend

future program areas for the study of feasibility and state-of-the-art
limitations.

Nuclear power stations UNCLASSIFIED

'70,182 FUEL FORM SYSTEMS FOR NUCLEAR

THERMIONIC ELEMENTS

Monroe, J. E., Jr. (Martln-Marietta Corp., Baltimore, Md.}

American Rocket Society, Inc., New York, N.Y.

2521.62

(Presented at the Space Power Systems Conference,

Santa Monies, C*.lif., September 25--28, 1962)

Progress of the nuclear thermionic fuel form development

program at the Nuclear Division of the Martin-Marietta Cor-

poration is reported. Several alternate fuel form systems for a

series of nuclear thermionic reactors are described from a

conceptual design viewpoint. The fuel form system consists

of refractory metal encapstdated fuel pellets fabricated from

uranium monocarbide, uranium monitride, and uranium di-

oxide-refractory metal cermet systems. Critical design factors

and basic problems associated with the use of each fuel form

system are briefly discussed and initial solutions to these prob-

lems are presented. Basic techniques and materials utilized

in the fabrication of these fuel form systems are discussed

briefly, and initial results of the development program are

summarized. Photomicrographs of the structure of the uranium

monocarbide, uranium dioxide-molybdenum, and uranium di-

oxide-tungsten fuel form systems are presented.

70,062 COUPLING NUCLEAR-TtlERMIONIC POWER TO

ELECTRIC SPACECRAFT PROPULSION

McCartney, J. F. (The Martin-Marietta Corp.,

Baltimore, Md.)

American Rocket Society, Inc., New York, N.Y.
2MI-62

(Presented st the Space Power Systems Conference,

Santa Monlca, Calif., September 25-28, 1969-)

Input requirements for electric spacecraft propulsion de-

vices are reviewed. Basic conceptual designs for coupling

nuclear thermionie power to the devices and other spacecraft

loads are presented.
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SOLAR ENERGY THERMIONIC CONVERSION SYSTEM (Presented at the

Space Power Systems Conference of the American Rocket Society
at the Miramar Hotel, Santa Monica, California)

(Period covered: September 25-28, 1962)

Menetrey, W. R. & Smith, A.
Unclassified

American Rocket Society
P-2499-62

This paper summarizes the design, fabrication, and test efforts
in the period, May, 1961, through September, 1962, accomplished

in the SET (Solar Energy Thermionic) program under JPL contract No.950109,
NAS 7-I0, and related programs. The discussion includes the fabrication

and performance of a 5-ft. solar concentrator, fabrication and test of
40 SET thermlonlc converters, and the fabrication of two SET thermlonlc

generators along with test data using both solar radiation and electron
bombardment heaters. A system efficiency of 3 perceht and a specific

weight of 2 watts/ib was demonstrated in the first prototype system test

using solar radiation. As described, efficiency and specific weight are
expected to increase significantly in the near future.

Thermlonlc converters UNCLASSIFIED

Thermionlo generators
Sola_ concentrator6

/
--70,317 TIIERMIONIC CAVITY GENERATOR

DEVELOPMENT

Purdy, D. L. (Missile & Space Division, Valley Forge

Space Techno|ogy Center, Philadelphia, Pa.)

American Rocket Society, Inc., New York, N.Y.

2572-62

(Presented at the Space Power Systems Conference,

Santa M0nica, Calif., September 25--28, 1962)

Work performed on the Cavity Vapor Cenerator Program is

discussed, and the expected performance of future Solar

Thermionic Space Power Systems is predicted. The system

considerations involved in collector and generator sizing are

discussed as well as converter to generator relationships.

Computations are described which define the thermal and

electrical performance of the converters, cavity, insulation,

collector and vacuum system. Measured values of thermal

energy and electric power obtained during laboratory testing

are described which result in a converter et_ciency at cathode

temperature of ICkS0*K of 6.5%. A description of the solar test

and expected results is included.

470,163 TItERMAL ENERGY STORAGE FOR THERMIONIC

CONVERSION

Batutis, E. F., Purdy, D. L. (General Electrle Ce.,

Missile and Space Div., Valley Forge, Pa.)

American Rocket Society, Inc., New York, NJ'.

2505-62

(Presented at the Space Power Systems Conferences

Santa Monica, Calif., September 25-28, 1962)

Silicon and a number of refractory oxide mixtures were

studied in an investigation of materials having the properties

of high heat of fusion and inching temperatures ranging from

1600 to 2200 ° K. These thermal energy storage materials were

examined for usage in solar collector-thermionic converter

electrical power systems employed in space vehicles.



70,477PROGRESSTOWARDNUCLEARTIlERMIONIC
SPACEPOWER
Voorhees,B.G. (General Electric Co., P'easanton, Calif.)

American Rocket Society, Inc., New York, N.Y.

2577-62

(Presented at the Space Power Systems Conference,

Santa Monica, Calif., September 25-28, 1962)

State-of-the-art performance of laboratory converters is

summarized in terms of output, e_ciency, and life. Results

of comparative analyses are presented for several combina-

tions of thermionic converters with nuclear heat sources.

These demonstrate the superior potential of the nuclear ther-

mionic system in which the thermionic converters are integral

with the nuclear fuel dement. The particular merits of the

eesiated refractory metal converters for this use are em-

phasized."

70,318 SOLAR TItERMIONIC GENERATOR USES

CESIUM DIODES

Space/Aeronautlcs, v. 38, no. 4, pp. 165-167,
September 196'1

A solar thermionic generator using cesium diodes is de-

scribed.
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Another
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UNCLASSIFIED

CESIUM THERMIONIC CONVERTERS AND GENERATORS FOR SOLAR

SPACE POWER SYSTEMS (Presented at the Space Power Systems

Conference of the American Rocket Society at Miramar Hotel
in Santa Monlca, California)
(Period covered: September 25-28, 1962)

Brosens, Pierre J. & Kitrilakls, SotirIs S.
Unclassified

American Rocket Society
P-2571-62

The research work on thermlonlc converters accomplished
at Thermo Electron is reviewed. Data obtained for converters, using

niobium, tantalum, tungsten, iridium, and rhenium emitters, as a
function of interelectrode spacing and converter operating temperatures

is given in the form of maximum power density maps. Theoretical work
on the effect of crystallographic orientation of emitter surface on

converter performance is described. General design requirements for
solar thermionic generators for space applications are discussed.

Although no inherent limitation has been observed on the life and
reliability of Thermionic devices, life of the order of several

thousands of hours and higher reliability must be and remains to be
demonstrated.

Power generators Cesium

Converters UNCLASSIFIED

\
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71,205 SYMPOSIUM ON TIIEF_IIONIC FOWE_
CONVERSION

Adcanced Energy Converdon_ v. 2, pp. 31_-64_

Ju|y-September 1002

The complete papers from Sessions I, II, and Ill of t_e

Symposium on Thermionic Power Conversion held in Colorado
Springs, Colorado, May 1962 are presented. The Sessions

were: 1-Converter Performance; ll-Theoretieal Models;

and III-Correlation of Experiment and Theory and Oseil]a-

lions.

70,225 TIlE TIIERMIONIC RADIATOR SYSTEM
Buck, K. E. (Aerojet-Ceqcral Nucleonics, San Bamon,

Cal_.}
American Rocket Society, Inc., New York, N.Y.
2578A-62

(Presented at the Space Power Systems Conference,
Santa Monica, Calif., Septembar 25_o_o, 10,_2)

Aerojet-Cenera| Nucleonics is engaged in a program to

determine the feasibility of a thermionie radiator system. The

primary objective of the first phase of the program was to
demonstrate the operation of a thermionie converter, using a

liquid metal to supply thermal energy to the cathode. In

addition, some limited systems analysis was performed. The

first phase has iust recently been completed, and the o_jee-

lives were fully attained.

/
70,315 PERFOILMANCE OF CESIUM THERMIONIC DIODES

OPERATED IN SERIES-PARALLEL CIRCUITS

Holland, J. W. (North American Aviation, Inc.,
Canoga Park, Calif.)
American Rocket Society, Inc., New York, N.Y.
2570-62

(Presented at the Space Power Systems Conference,

Santa Monica, Calif., September 25-28, 1962)

Electrical power degradation from the operation of many

series-parallel circuited cesium diodes in a thermionic reactor

must be considered when a nonflattened mlclear power dis-
tribution exists over the volume of the reactor core. The loss

of power and el_eieney due to unequal beat inputs to series-

or parallel-connected diodes is measured, and the operating

characteristics of a multiple diode system are studied. The

results are applied to a spc,_/ie thermionie reactor configura-

tion with a ratio of maxim,ira to minimum diode heat input

of 1.85. The minimum degradation of power and el_ciency

was found to be 41 and 19%, respectively, at optimized

operating conditions...
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AD-289 355 Dtv. 8
(TISTE/OIID) OTS price $4.60

General Electric Co.. Syracuse. N. ¥.
EXPLORATORY STATIC ENERGY CONVEKSION STUDY-MULTI-

LAYER TIIERMIONICS.

Ou•rterly technlc•l progress rept. no. I,

I July-30 Sep 62,
by V. A. Russell, H. T•ntr•porn. end W. J. van
der Grlnten. 30 Sep 62, 4]P. Incl. illus.

tables, refs.
(Contract AF 33(657)9204)

Unclassified report

DESCRIPTORS: _Thermoelectrlcity. *Thermal

radiation, "Electric power production.
Thermionlc emission. Solid state physics.

Thin films, High tpmper•ture research,
Vapor plating. Germ•alum compounds,
Evaporation. Measurement.

A new static heat-to-electricity conversion
principle is dessciribed which attempts to dupli-
cate In the solid state at a lower temperature

the high impedance performance of a vacuum
thermionlc converter. The basic arrangement
is • multilsyer structure of thin film semi-

conductors or 4nsulntor$ perpendicular to the
heat flow. separated by thin layers of metals.
The optimization of the transverse mean. f/ee

path of the charge carriers, film thicknets.
contact potentials end other parameters is dis-
cussed. An outline of the exploratory experi-
mental study of this new concept and some'prac-
tical details on film production and measurements

are given. (Author) ;if/._
g_

"AD-288 935 Oiv. 8. 25

(TISTM/BRM) OTS price $2.60

General Telephone and Electronics Labs., Inc.,

Bayside. N. Y.
STUDIES OF ELECTRON TUBE MATERIALS AND TBERMION|C

EMISSION PROCESSES.

Scientific rept. no. 10. I July-30 Sep 62.

by John V. Florlo •nd T. G. Polanyi. 30 Sep 62,
17p. Incl. illus. (Rept. no. TR 62-704-104-204-
2o8.21)

(Contract AF 19(604)7286. ProJ. 4619)

(AFCRL 62-905) Unclassified report

DESCRIPTORS: "Thermionic emissions, "Oxide
cathodes. *Electron tubes. Cathodes (El ectroo
tubes). Diodes. Materials. Nickel. Barium

compounds, Oxides. Tantalum, Platinum.
Chemical reactions. Mass spectroscopy. Barium.
Evaporation, Coatings. Sublimation. Impurities.

Molybdenum. Thin films.

A comparison of the emission properties of pure-

Ni base cathodes with cathodes containing knowe
impurities In either the base metal or _ke

co•ring permitted a more critical evaluation of
the effects of the impurities on emission. The
slow activation of the W-Ni base oxide cathodes
and the enhancement of emission with successive

high-temperature processing treatments (increased
reaction between W and the oxide) are in sharp

contrast to results obtained with the binder.

Electrolytic activation of an oxide cathode by
dr-awlng plate current has usually been ascribed

to electrolytic dissociation of the cathode
coating, evaporation of oxygen, and activation

by the excess B• residue. The results obtained
on a special tube with movable anodes indicate
that, under electron bombardment, evaporation of

Bs from the anode back to the cathode is

responsible for activation. The sublimation from
• Ta-b•se oxide cathode has been measured as •
function of cathode temperature. The sublimate

1• predominantly atomic Ba and the sublimation
rates are considerably greater than those found
for the Pt. pure Ni or N4 Nl cathodes. The Tn
base cathode can thus be used as • convenient
controlled source of B• atoms in the study of

cathode coating activation. (Author) '_'_



AOIS3 (AD-290727) INVESTIGATIONS ON THE

DIRECT CONVERSION OF NUCLEAR FISSION ENERGY

TO ELECTRICAL ENERGY IN A PLASMA DIODE. Period

Covered: February l, 1962 to October 31, 1962. Frank E.

Jamerson, od. {General Motors Corp. Research Labs.,

Warren, Mich.). Oct. 31, 1962. Contract lqONR°3109(00).

13Tp.

Results of experimental and theoretical investigations

are presented on the use of a nuclear generated plasma In

a noble gas plasma diode thermlonic converter. Related

programs of emitter materials development and plasma

measurements are described. These are presented in the

following individual sections: '-npileion chamber experl-

ment-theory and tube design, pulsed noble gas plasma

diode experiments, electron mobility in gases, spectro-

scopic measurements in a cesium low voltage are con,-

verier0 and uranium carbide-rhenium cermet emitter.

_au_ ,,'v SA r _'3

36983 (AD-290068) FEASIBILITY DETERMINATION

OF A NUCLbAR TIIERMIONIC SPACE POWER PLANT.

Quarterly Technical Progress Report, August l, 1962

through October 31, 1962. (AecoJet-Gcneral Nucleonic s,

San Ramon, Calif.). Contract AF33(657)-8977. 22p.

(AN-778)

A research program on thermionlc converter-rad!ator

systems Is being conducted to demonstrate the operation

of st le,_st 3 thermionic converters In a series array using

heat from a liquid metal loop. and to demonstrate 1000 hr

of thermionic operation using liquid metal heating. For the

electrical Insulation of the thermlonlc units from the heat-

ing pipe, AI201 coatings plasma-sprayed on Nb tubes were

developed. The effects of sinterlng experiments on the

coatings were studied. The brazing of an outer Mo sleeve

to the Mo coating plasma°sprayed over the AIIO z was In-

vestigated using three braze materials and found to be

satisfactory. The analysis for the thermal radiator sys-

tem for its characteristics and for design and development

problem areas Is discussed. Finally, progress on the loop
test task Is described. (D.L.C.) /V_/_ t_'J>

UNCLASSIFIED

115927 BASIC RESEARCH IN THERMIONIC ENERGY CONVERSION

(Period covered: November I, 1961-October 31, 1962)
Warner, C., Ill & Hansen, L.K. (et al)

Unclassified
Atomlcs International (AI-7979)
Nonr-3192(00)
Annual TSR-2

This report presents the results of a continuing program
to investigate basic processes in thermLonlc energy conversion
important to a thermfonic nuclear power plant for naval applicati_s.

SPACE-CHARGE NEUTRALIZATION AND NEGATIVE
t/22257 RESISTANCE 1N THERMIONIC DIODES CONTAINING

RADIOACTIVE KRYPTON. R.Forman and J.A.Ghormley.

J. appl. ]Phys.(DSA), Vol. 33, No. I0, 3057-60 (Oct., 1962).

Anode current--voltage characteristics of gas-filled thermlonl¢

diodes containing fisslon-product krypton were compared with

characteristics of the same tubes containing natural krypton.
Signilicant increases in current were observed in the diodes when

radioactive krypton was substituted for natural krypton at pressures

in the range of 20-340 mm Hg. In addition, diodes containing

radioactive krypton displayed negative resistanCe. },,)h,.L.....(/_

14512 MEASUREMENTS ON VACUUM THERMO-ELECTRON

GENERATOR. M.Ozawa, T.Morita and K.Ogasawara.

Bull. Electrotech. Lab. (Japan), Vol. 26, No. 10, 32-8 (Oct., 1962}.

In Japanese.

Experimental results are described relating to a thermo-

electron generator using W or Th-W electrodes in vacuum. The

emitter and the collector are separately Joule heated to a

temperature of 600 to 2400°C, and the inter-electrode distance

is kept between 0.03 and 0.01 ram. The results are summarized

as follows. I. For a constant temperature of the collector, there

is a certain temperature of the emitter at which its induced enRage

is a minimum and is even lower than that of the collector. 2. An

output current density of 0.3 A/cm = at I/V is obtained when the
Inter-electrode distance is 0.03 ram. 3. In the thermo-electr'on

generator with a W-emitter, changing of the collector material
from W to Th-W results in an 0.8V increase in induced voltage

under the same conditions, which is nearly equal to the difference

in work function between those materials. _ ' b-'_



/2024 DREAI_DOWN PHENOMENA IN THERMIONIC GAS-FILLED

DIODES. J.Cleary.

J. appl. Phys. (USA), Vol. 33, No. I0, 3142-3 {Oct., 1962).

Furman (Abstr. 13075 of 1961) discovered that the breakdown

potential of thermionic gas-filled diodes can be lower than the

ionization potential of the filling gas, and that the pre-brea.kdown

anode current is not space-charge-limited, under certain conditions.
These phenomena have since been observed in commercial

"Tungar" rectifier diodes. In addition a hyperbolic relationship

was found between breakdown voltage and cathode temperature, and
a second discharge transition occurred after the initial breakdown

ff the voltage and current were allowed to increase sufficiently.

C Greaves

AD-_91 683 Oiv. 9 7
(TISTP/GRN) OTS price _1.00

ITT Federal Labs., Nutley. N. J.
POWER CONVERSION BY ELECTRON CONVECTION.

Final rapt., Apr 61-June 62,
by S. R. Hoh and W. L. Herries. Oct 62, 32p.
incl. illus, tables, 6 refs.

(Contract AF 33(616)7941. Prom. 8173)
(ASD TDR 62-693) Unclassified report

DESCRIPTORSz *Electric power production,
*Thermlonic emission, "Electrons, Conversion
ratio. Magnetohydrodynamics.

A preliminary research study was conducted on s

new electrohydrodynamic system which is capable

of converting thermal into electrical power.
Conversion was accomplished by the forced con-
vection of thermlonlc electrons emitted from an

alkaline metal emitter. Analytical and experi-

mental studies showed that this new type of
Converter is feasible and practical. Outputs u F
to 18 volts were obtained under open circuit
condition with emitter tcmperatures as low as

450 C. Short circuit output currents were near
the emission current of the emitter. (Author)

AD-289 539 Oiv. 8

(TISTM/ODN) OTS price $3.60

General Atomic Div.. General Dynamics Corp..
Snn Diego, Calif.
RESEARCH OF CESIUM-VAPOR CELLS EMPLOYING CARBIDE

EMITTERS.

Technical summary rapt., I Feb-31 Oct 62.
by F. Carpenter. G. Cheesy end others.

31 Oct 62, 36p. incl. illus, tables. 10 rein.
(Rept. no. GA-3593) .
(Contract Nonr-J19300)

Unclassified report

DESCRIPTORS: aThermionlc emission. *Cesium,

*Carbides. Vapors. Vacuum systems, Uranium
compounds. Zirconium cQmpounds. Surfaces.
Adsorption. Chemical qnalysia. High temperature

research. Abrasion. Impurities. Mixtures,
Electric currents. Work functions. Elec-
trodes, Vaporization.

Emission poisoning can result when a UC-ZrC
emitter is exposed to sir after it has been
heated to s high temperature. Suitable handling
of the emitter after mechanical abrasion of the

surface will completely remove the poisoned
region sad restore satisfactory emission be-
havior. It was established that thermioaic

emission from UC-ZrC emitters is largely in-
dependent of composition. However. UC-ZrC

emitters with tow mol-% UC composition are more
readily poisoned than t"ose with high mol-% UC
compositions. Data on the vacuum thermionlc
emission of UC-ZrC solid solutions are consistent

with the hypothesis that emission from UC and
UC-ZrC as!tiers is controlled primarily by an
adsorbed layer of uranium on the surface of the
carbide. Mork on the M=:_ I-D thermionlc cell

has produced s workable and versatile research
cell. Initial operation at low temperatures re-
vealed significant information concerning the
tkermionic effects.of cesium on carbide surfaces.

Consequently. cesium vapor adsorption causes n
substantial modification of the thermionic work

Function Of • carbide. (Author) ,___

AD-289 540 Div. 7. 20, 25, 8

(TISTP/WH) OTS p_ice $10.50

General Atomic Div., General Dynamics Corp..

Sen Diego. Calif.
PARAMETRIC STUDY OF DIRECT CONVERSION REACTOR

POWER SYSTEMS.
Final technical rept., 1 Dec 60-31 Oct 62.

by M. 8. lright, Jr. 31 Oct 62, 133p. incl.
illus, tables, 24 refs. (Rapt. no. GA-3540)
(Contract Nonr-337_O0)

Unclassified report

DESCRIPTORS: OElectric power production.
*Thermlonlc emission, aNucleer power plants.

"Light water reactors, *Reactor theory,
,Reactor cores. Olleat transfer, aReactor
kinetics. Power.

A mathematical formulation of thermionic-cell

dynamics for use In thermionic reactor design
is developed. The formulation developed was

incorporated into a digital computer code.
This code was used in conjunction with neutronics
and heat transfer calculations to investigate

the interrelated thermionic-neutronlc-heat-

transfer problems of thermionlc reactor design.
Two main problem areas in the nuclear design
of water-cooled thermlon/c reactors, i.e.. the

inherently Isrqe parasitic capture in thermloai¢

ceils and the power-flattening problem, are
discussed. In order to define the problems that

mi;ht arise in the design of an actual thermlonic
reactor plant, a conceptual design study of s
!-Mw(e) water-cooled thermionic reactor system
was undertaken. Tungsten-clad emitters were

purposely used In this study in order to
evaluate the suitability of using materials

with very high parasitic capture rates in a

water-cooled system. (Author) _z_/'__'



24029 (AD-286324) TilE nEVELOI'MENT OF AN

AUXILIAllY ELECTIt()DE TIIEltMIONIC CONVERTER.

Quarterly Technical Report No, 3. W. B. Ilall anti J, J.

fO'Crady (Radio Corp. of America, Electron Tube Dip.,

Lancaster, Pe-ma.). Oct. 1962. Contract AF33(657)-8005.

63p.
Research was continued in an effort to determine the

feasibility and to demonstrate th_ practicality of a three-
electrode thermionlc converter having the following char-

acteristics: a third, positive ion-producing elect.rode, an

efficiency of not less than 15%, an unattended life of not

less than 1 year, and a maximum tewperature of 1500°K.

Several experimental converter designs were fabricated

and evaluated. Refinements in geometr_. _ processes

were tested to achieve more dependable design criteria

with the greatest emphasis directed toward the improve-

ment in Cs purity. Materials investigations completed the

/Cs compatibility data for the initial materials selected and
I a comprehensive report is included. (auth) __ ¢ (_"_

v_472S (ASD-TDR-62-_27) FEASIBILITY DETERMI-

NATION OF A NUCLEAR TIIEItMIONIC SPACE POWER

PLANT. Final Report, April 1, 1961to August 31, 1962.

K. E. Buck, C. R. Fisher, and I. M. Rehn (AeroJet-Gcnerai

Nucleonics, San Ramon, Calif.). Oct. 15, 1962. Contract

AF 33(616)-8119. 150p. (AN-700; AD-293453)

The first phase of a program to determine the feasibility

of a nuclear space-power system that utilizes a thermionic

radiator is described. In this concept, thermlonlc con-

vert_rs are mounted in the radiator of the power plant and

lithium is circulated directly from the reactor through the

radiator. Fins attached to the anode reject waste heat to

space. The basic feasibility of the thermionic radiator

concept was demonstrated. An electrically heated, re-

fractory metal (Cb-1Zr) test loop which incorporated a

centrifugal pump, thermlonic converter, heat sink, and re-

generator was constructed. Lithium was circulated to the

thermionic converter at temperatures ranging from 2150 to

2260'F. A cylindrical thermionic converter with a cathode

surface area of 80 cm t was operated at power densities up

to I w/cm t. Limited systems analysis was carried out to

e_b!ish the potential performance of the power plant con-
_pt. {auth) Kt_t_ __

24030 {AD-286693) UNIFORM WORK FUNCTION

CATHODE STUDIES FOR THERMIOF_IC CONVERTERS.

Quarterly Report No. 1. M.N. Buberman (Atomics Ino

tornational. Dip. of North American Aviation, Inc.,

Canoga Park, Calif.). Oct. 1962. Contract AF33(657)-

8726. 25p.

Uniform work functions of thermionic converters were

investigated. The performance of cylindrical converters

that have emitters with uniform w2.-!: f_;,ction surface was

evaluates. Chemical vapor deposition techniques were de-

veloped for the fabrication of nonplanar emitters of practi-

cal design that have improved uniformity of work function

over the uniformity of work function of standard pclycrys-

talline emitters. The development of thermionlc con-

petters having emitters of improved uniformity of work

function may result in increased efficiency and power den-

sity. A converter test stand was assembled, equipment as-

sociated with the test stand was calibrated, and deposition

samples were fabricated. (auth) it" _ efo

•3573 (NP-12206) TIIERMAL RADIATION GUIDES

FOR POWER TRANSMISSION. Quarterly Progress Re-

port No. I, July l-September 30, 1962. W.J. Swenson

{Electro-Optical Systems, Inc.,Pasadena, Callf.), Oct. 15,

1962. Contract AF33(657)-8526. 37p. (EOS-3000--Q-2).

Progress in the development of thermal radiation foctm*

ing guides for power transmission is reported. Thermo-

dynamic analyses that will lead to the development of equa°

tions assisting in the determination of optimum guide

configurations and materials for applications are intro-

duced and discussed. The fabrication of the guides by elec°

trnfining techniques is discussed along with the possibility

of using other fabrication techniques. The feasibility o(

using radiation guides to supply power to two energy ab-

sorbers {the laser and thermioulc diode} is discussed.

Prototype radiation guide tests show good power transmis-

sion efficieneies. Factors entering into optimum guide

dimensions are discussed. (N.W.R.) 0_'_ i (a.3

24031 (AD-286711) EVALUATION OF A MOLYB-

DENUM EMITTER, IX)W VOLTAGE ARC THERMIONIC

POWER CONVERTER. Quarterly Technical Progress

Report No. 2. E.A. Baum (General Electric Co. Power

Tube Dept., Schenectady, N. Y.). Oct. 1962. Contract

AF33(657)-8323. 24p.

Evaluation of Mo emitters for low voltage arc thermionic

converters was continued. The objective was to define and

minimize the life-limiting and degradation factors affecting

the usefulness of the low-temperature Cs vapor converter.

Work on the program was directed toward a life test eval-

uation of a state-of-the-art, planar Cs vapor thermtonic

converter. Research was continued on a technical specifi-

cation for s state-of-the-art ;'apor con'_erter utilizing a

Mo cathode. Effort was directed toward the design and

fabrication of life test equipment suitable for obtaining

meaningful data on the state-of-the-art Cs vapor therm-
ionic converter as well as the fabrication of devices for

test, and toward completion of the life test equipment, ini-

tiation of life tests, and the acquisition of operational data.

1676_ (AI-7979) SECOND ANNUAL TECHNICAL

SUMMARY REPORT FOR BASIC RESEARCH IN THERM-

IONIC ENERGY CONVERSION. [Covering Period] Novem-

ber 1, 1961 to October 31, 1962. C. Warner. HI, L. K.

Hansen. H. Horl, and R, L. McKlsson (Atomics Interna-

tlom_l. Dip. of North American Aviation, Inc.. Canogn

Park, Calif.). Contract NONR-3192(00). 133p.

Results of work in a continuing program to investigate

basic processes in thermionic energy conversion related

to thermionlc nuclear power plants for naval applications

are reported. The areas in which progress is reported

include statistical mechanics of Cs adsorption, space

charge analysis for low pressure thermionlc diodes,

emission requirements for removal of space charge

barriers, untgnlted mode of thermionlc converters,

interpretation of volt-ampere characteristics, vaporiza*

tlon and deposition at Cs-covered surfaces, and C$

purification. (auth) ['_._ _ _'_



AD-297 039 DIT. 25, 20," 7
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Atomics International, Canoga Park, Calif.
BASIC RESEARCH IN TIIERMIONIC ENERGY CONVERSION.
Annual technical summary rept. no. 2, 1 Nov 61-

31 Oct 62,

by C. Warner. Ill, L. K. Hnnsen and others.
31 Oct 62, _3JP. incl. illuS, tables, 22 rein.
(Rapt. no. A1-7979)
(Contract Nonr.J192OO)

Unclassified report

DESCRIPTORS: UThermionic emission. $tatistl-

eel mechanics. Cesium. Space charges. Trans-

port properties, Adsorption. Energy conversion.
Nuclear power plants, Purification, Vaporiza-

tion. Diodes, Theory.

ThIs report presents the results of the pnlt
year,s work in a continuing program to Investi-

gate basic processes in thermionlc energy son-
version importnnt to s ther_ionic nuclear power
plant for naval applications. The previous
work was reported in AI-6799, ..First Summ_ry

Report of Basic Research in Thermlonic Conversion
Processes.'' The subjects discussed in the
present report ares statistical mechanics of

cesium adsorption, space charge analysis for low
pressure thermionic diodes, Emission requirements
for removal of space charge barriers, unignlted
mode of thermionic converters, interpretation

of volt-ampere characteristics, vaporization
and deposition at cesium covered surfaces, and

cesium purification. (Author) /_

U5077 SIIALLOW DONOR TilERMIONIC EMITTER.

John K. German (Sperry Gyroscope Co., Great Neck,

N.Y.). J. Appl. Phys., 33: 3170-7(Nov. 1962).

A possible approach to the development of a low work

function thermionie emitter involves the introduction of

shallow donor states into a matrix having a low electron

affinity. It is the intent of this paper to explore the concept

of a shallow donor emitter from both a general point of

view and with specific application to barium oxide as the

host lattice. The problem is discussed in terms of the

single-donor model with consideration given the various

characteristics which would be required for a practical

matrix-additive system. Although the electron affinity of

BaO has been estimated to be as low as 0.6 ev, the ordi-

nary oxygen vacancy donor prese,t is a deep level with an

Ionization energy of about 1.4 ev; it yields a work function

of 1.4 to 1.5 ev at 1000"K. By Comparison, a work function
of 0.83 ev would be expected for shallow donor Bee at this

temperature. The substitution of a tripositive rare-earth

ion for a Ba z+ ion in the lattlt:e is presented as a possible

mechanism for the incorporation of an impurity donor

center. Some speculation is offered concerning the ioniza-

tion energy of this type of donor as well as the associated

activation process. An attempt wan made to observe the

donor behavior of several rare-earth ion additives in BaO

and also SrO by studying the temperature dependence el

the effective work function. Data were secured for La, Gd,

Nd, Er. and Eu in BaO, and Eu and Sm in SrO at analytical

concentrations of from 0.01 to 0.05 mole _. While no

lowering of the work function is reported, it is clear that

no definitive interpretation of a negative result can he

ma_e unttl certain other experimental information he-

co/dies available, particularly the solubility and oxidation

fate of the additive ion in the matrix crystal. (auth) ft-.j)

5083 ZERO-FIELD EMISSION FROM THERMIONIC

liOLLOW CATHODES. I. Brodie and A. Niewold (West-

inghouse Electric Corp., Elmira, N.Y.). J. Appl. Phys.,

33: 3328-34(Nov. 17,£2).

An examination of the theory of the therrnionlc hollow

cathode shows that several distinct modes of zero-field

emission are possible. The mode that exists in any given

case depends on the relationship between a certain pa-

rameter d, which characterizes the nature of the electron

cloud within the cavity, and the size of the effusion hole and

the cavity dimensions. A quantitative expression is given
for the conditions under which the hollow cathode can be

used for a precise determination of the thermionic con-

stants by the method of Jain and Krishnan. Under other

conditions a quasi-hollow beam is obtained and a theoreti-

cal prediction of the total zero-field current from the hole

was fo,J-nd to be_ in order of magnitude agreement with ex-

perimental observations. An explanation of the similarity

of emissions between "L" cathodes of different porosity is

also given. OmtlO t'_/_/ /_ "_

_2403S (GA-3562(Rev.)) HIGH-TEMPERA'YORE

VAPOR-FILLED THERMIONIC CONVERTER. _arterly

Technical Progress Report, July I through September 30.

1962. W.C.odsln (General Atomic Die. General Dynamics

Corp., San Diego, Calif.). Nov. 10, 1962. Contract AF

33(657)-8563. 14p. (AD-289805)

The post-test analysis of Cell E was completed with the

exception of the mlcr,;probe analysis of the emitter struc-

ture. Interpretation of data from the analysis indicated the

necessity of Improving the cleanliness of future cell a0-

semblles and especially the need for techniques to deter-

mine the emitter condition throughout final assembly. A
I0 UC-90 ZrC emitter was installed in Cell F. Thermo-

couple Installation and calibration and hlgh-temperature

vacuum emission tests are being conducted prior to the

final closure of the cell. A second cell structure, Cell G,

is on hand and an emitter will be installed pending the re-

suits of surface preparation. Vacuum emission sb_dles
carried out under other contracts on three UC composi-

tions, 10 UC-90 ZrC, 30 UC-70 ZrC, ar_l 90 UC-IO ZrC.

demonstrate that emission behavior is essentially Inde-

pendent of bulk uranium content. Intentional "poisoning J'

of the surface of sample emitters was produced by expo-

sure to atr at room temperature. These findings were

substantiated on the Mark V-E and V-F emitters. R was

concluded, therefore, that the emitter surface must be

activated in addition to providing a clean cell environment

during operation. (auth) I*v S _ f_ __

197



70,280 LARGE, I,OW-COST TIIERMIONIC SOLAR
CONCENTRATOR ANALYSIS AND DEVELOPMENT

Bsgby, J. P., Erdmann, R. C., Bib]arz, (3. (llughes

Aircraft Co., Culver City, Calif.)

American Rocket Society, Inc., New York, N.Y.

2534-6g

(Presented at the Space Power Systems Conference,
Santa Monica, Calif., September 25-28, 1962)

Analysis and computer studies have shown that collectors

of otEer than paraholoidal conic sections of revolution, which

are used for solar concentrators, can achieve su_cient intensi-

ties to produce emitter temperatures required for satisfactory

thermionie energy conversion. Lightweight solar concentrators

of any conic of revolution have been formed without masters,

by inflating and stretching aluminized mylar film prior to

foam ri_idization. The mathematical analysis of second-

degree conic concentrators is presented as well as the fab-

rication _edmiques and optical performance tests used. A

mosaic method of manufacturing very large low-cost concen-

trators is investigated.

v{618 MODERN METIIODS OF PLAS_tJ. PHYSICS FOR EN1_RGY
CONVERSION. L. RothhardL

Teehntk (Germany), Vol. 17, No. 9, 624-9 (Sept., 1962). In German.
A brief review of existing and future energy converters Is

attempted..The principle of thermo-ionle diode converters with
• a.:d without plasma Is explained. Several types of so-called magneto-

hydrodynamic generators are briefly described and their possible
applications indicated. The author gives hts opinions on future trends

and a bibliography of 50 papers. . H.M_Z . ___q '_

Thermolonlsehe Konverter fuer die Direkterzeugung yon Elek-
trlzltaet aus Gas, G.N.IIATSOPOULOS, J.A.WELSH. Gas- u Waa-
serfach v 103 n 39 Sept 28 19(;2 p 1042-% Thermlonle Converter
for direct generation of electricity from gas; principle of opera°
Hon of thermlontc Converter; Converter performing under vacu-
tun; cesium filled converter; design of gas heated converter, com-
Imastlon. heat exchange, and vacuum chamber. _/._ f_ _._

70,314 PERFORMANCE TEST OF A CUBICAL CAVITY
SOLAR TIIERMIONIC GENERATOR

Leovie, _V. v., _lueller, M. W., Stevenson, C. G.
(Thompson Ramo Woo|dridge, Inc., Cleveland, Ohio)

American Rocket Society, Inc., New York, N.Y.
2554-62

(Presented at the Space Power Systems Conference,
Santa Monica, Calif., September 25-28, 1962)

Results arc presented of a solar test program carried out on

a prototype thermionie generator. This program, designed to

evaluate the performance of the generator in conjunction with

a 5-ft precision solar concentrator, has demonstrated the

ability of such a combination to produce very nearly its

design power output les_els in a space environment. A com-

plete description of all specialized equipment and techniques

employed in carrying out the tests and evaluations is included.

The pertinent data and results are summarized and analyzed

for all major phases of the solar test effort.



344 THEORY OF NEGATIVE RESISTANCE CHAR-

ACTERISTICS IN IRRADIATED GAS THERMIONIC DI-

ODES. R. Forman (Union Carbide Corp., Parma, Ohio).

Phys. Rev., 128: 1487-92(Nov. 15, 1962).

A theory explaining negative resistance effectsinthe

anode current-voltage characteristics of inert gas-filled

thermionlc diodes exposed to ionizing radiation ispro-

posed. The theory shows that these effects are observed

in argon-, krypton-, and xenon-filled diodes under appro-

priate conditions of anode spacing, gas pressure, and

radiation dosage because these gases have a Ramsauer

minimum in their electron scattering cress-section data.

The theory also shows that gases not having this anomaly

in their scattering cross section, such as neon or helium,

do not show negative resistance effects. (auth) r_ (,_J

"_16790 FIELD REVERSAL IN TENUOUS
(TID-18216)

PLASMA: EQUIPMENT STATUS REPORT. W. Pak, K. C.
Rogers, H. ltuber, J. R. M. Coulter, and G. Schmidt

(Stevens Inst. of Teeh., Hoboken, N.J.). [1962]. Contract

AT(30-1)-2813. 23p. (SIT-P85(2/63))

Components of the d-c system for producing the cesium

plasma column are described, particularly the electrodes

and the cesium source. Measurement of the magnetic

field with a Hall effect probes is explained as in the cali-

bration of the plate temperature. Preliminary measure-

ments of plasma density v,_th a Langmuir probe yielded

values of about 10 ss cm -s. The single turn field coil, the

capacitor bank, and the switches of the a-e system to be

used in applying the reverse field are described. (D.C.W.)
............._B_'._

345 ELECTRICAL CONDUCTION THROUGH

RADIATION-PRODUCED PLASMAS IN INERT GAS

THERMIONIC DIODES. R. Forman, J. A. Ghormley,

and J. R. Reiss (Union Carbide Corp., Parma, Ohio).

Phys. Rev., 128: 1493-6(Nov. 15, 1962).

Properties of thermionic diodes containing inert gases

at pressures from 1 to 600 Torr have been determined

during irradiation with gamma rays and l-Mev electrons

at dose rates to 3 x 101 rads/h. Anode current maxima

were observed at applied potential less than 4 V in tubes

containing argon, krypton, or xenon, the gases having

Ramsauer minima in their scattering cross sections. Neg-
ative resistance In the tube characteristics was not ob-

served with helium, neon, or nitrogen which do not have

scattering cross-section minima. Negative resistance was

observed in diodes having both planar and cylindrical geom-

etry. With all of the rare gases initiation of breakdown

occurred, during irradiation, at applied potentials less than

the ionization potentials of the gases. The diode current at

a constant anode voltage Increased linearly with dose rate

at low radiation intensities and approximately as the square

root of dose rates at higher intensities. (auth) ,4/-_ t_ ._

Thermionie conversion sysiern_ may be oPero
atJonaJ by 19;0 diag_ Nucleonics 20:20-1
D '62

5

2S879 MEASUREMENTS ON VACUUM THERMO-

ELECTRON GENERATOR Masayoshi Ozawa, Toshlkatsu

Morita, and Kohel Ogasawara. Denki Shlkensho Iho, 26:

752-8(1962). (In Japanese)

Experimen'_al results obtained for the thermo-electron

generator with W or Th-W electrodes, while heating the

emitter and collector separately to 600 to 2400"C and keep-

tag the inter-electrode distance between 0.03 and 0.1 ram,

are presented. For a constant collector temperature,

there Is a c_rtain emitter temperature at which its induced

voltage Is minimum and is even lower than that of the

collector. An output current density of 0.3 amp/om t at

1/v is obtained when the inter-electrode distance is 0.03

ram. With a W emitter, changing from a W to a Th-W

collector Increased the induced voltage 0.By for the same

conditions. The increase almost equals the difference in

the work functions of the two materials. (auth) (_t I{O'D)

Thermionle converters produeo over 20 watts.
I_,lcctronics 35:66 D T '62

/_ eo+T.T '{,3

_20783 THE INFLUENCE OF THE ELECTRON CESIUM

PLASMA ON CHARACTERISTICS OF A THERMOELEC°

TRON TRANSFORMER. N. D. Morgulis and Yu, P,

_Korchevoil (Kiev State Univ.). Zh. Tekhn. Fit., 32: 14BT-

9(Dec. 1962). (In Russian)

A special transformer cell with Independent arc diJ-

charge and incandescent tungsten cathode was introduced

into an intra-electrode cesium plasma in order to ellml°

nate the interference of the plasma with cell performance,

(R.V.J.) ,,*_ _ ,_,_

2406S (FTD-'FT-62-666} THERMIONIC ENERGY

CONVERTERS. f. I.Damaskine and G. A. Chetverikova.

Translated from Teploenerg., No. 3, 82-6(1962L llp.
(AD-286572)

Operational principles of tbermionlc converters are

briefly discvssed and the need for low anode work func-

tions is pointed out. Ways for overcoming electron space

charge are examined, and results of studies of the opera-

tion of various diodes are reviewcd. Preliminary results

of an investig,_tion of a converter consisting of a glass

tube in which a W strip cathode and a Ni anode are ar-

ranged coaxially and are scpar:t*.cd by 1.3 mm are given.

Operating with a Cs vapo[ at a pressure of 10 -2 mm Hg,

an efficiency of 4% was obtained. (D.C.W.) _ _. j_., (O'_



AP-289 801 DIv. 25. 7

(TISTP/WH) OTS price $2.60

General Electric Co., Schenectady. N. Y,
EXPLORATORY ENERGY CONVERSION STUDY OF PHOTON

THERMIONICS.

Quarterly technical progress rept. no. 1,

by M. J. Kearns. Nov 62. 20p. incl. illus.
? refs. (Rept. no. R-635 Q-l)
(Contract AF 33(657)9202. ProS. 8173)

Unclassified report

DESCRIPTORS: ,Photons, "Thermionic emission,

• Gas ionization, *Cesium. ,Photonuclear

reactions, eGas discharges. Vapors.

Investigation concerns the use of photos proc-
esses for thermionic converters. The program

objective is to determine the feasibility of

enhancing the performaoce of cesium vapor
thermionic converters at low temperatures, i.e..

1200 C. through photon processes. These photon

processes are expected to increase the power
output of a cesium converter by reducing the
drop through the converter under load conditions

by (I) increasing the conductivity of the
positive column, (2) altering the potential
distribution in the inter-electrode space, or
(3) I combination of such effects. There is,
in •ddJtlon to the effect on full load operation,

the use of photons to aid in establishing the
discharge by generating enough ion pairs to
accomplish gas tube breakdown or arc initiation.
in the usual sense. (Author)

AD-293 453 Oiv. 7. 20. 8

([I%TM/ODN) OTS price $3.00

AeroJ,.t-Generul Nucleonics, San Ramon, Calif.
FEASI_:LITY DETERMINATION OF A NUCLEAR THERMIONIC

SPACE POWER PLANT.
Final rept. for I Apt 61-31 Aug 62,

by K. E. Buck, C. R. Fisher and I. M. Rehn.
Nov 62. 150p. incl. illus, tables. 51 r_fa.

_Rept. nn. AN-700)
(Contract AF 33(616)8119. ProS. 817_)

(ASD TDR 62-82?) Unclassified report

DESCRIPTt'RS: mPower supplies. *Nuclear power

plants. _Electrlc power production, ,Ther-
mionic e.sission, Liquid metals, Lithium,
Rnd;=_rs, Feasibility studies, Refractory
materials. Niobium alloys, Zirconium alloyS,

Reliability. Space flight. Design. Cathodes,
Stresses. Rupture. Creep. High temperature "
research. Electric insulation, Configuration,

Anodes. Spaceships.

The first phase of u program to determine the
feasibility of u nuclear space-power system that

utilizes a thermionic radiator Is described. In
this concept, thermioniC converters ere mounted

in the radiator of the power plant and lithium
is circulated directly from the reactor through
the radiator. Fins attached to the anode re-

Ject waste heat to space. The basic feasibility
of the thermloniC radiator concept was demoS-

strafed. An electrically heated, refractory
metal (Cb-IZr) test loop which incorporated l
centrifugal pump. thermlonlC converter, heat
sink, and regenerator was constructed. Lithium
was circulated to the thermionic converter st

temperatures ranging from 2150 tO 2260 F, A

cylindrical thermlonlC converter with • cathode
surface ares of 80 sq. cm. was operated at power
densities up to 1 watt/sq, cm. Limited systems

analysis was also carried out in order to

the potential specific performanCe/:festablish
the power plant concept. (Author) --3

s 2598 ERRATUM : ORIGINS OF OSCILLATIONS IN A LOW-

PRESSURE THERMIONIC CONVERTER. P.Mazur.

J. appl. phys. (USA), Vol. 33, No 11, 3387-8 (Nov., 1962).
A previous report (Abstr. 19884 of 1962), that self-consistent

electrostatic potential distributions did not exist along the plateau

of the V--I characteristic, has proved to be false. Thin was ,%,e to a
faulty interpretation of the fact that dv/dl (v - output voltage,
I = output current) was found to be infinite at It range of current
values below the emitter saturation current. C.Gremves

3995 ERB.ATUM: ORIGII" OF OSCILLATIONS IN A
LOW-PRESSURE THEP_IIONIC CONVERTER. P.Mazur.

J. appl. Phys. (USA), Vol. 33, No. II, 338"/-8 (Nov., 1962).

A previous report (Abstr. 19884 of 1962), that self-consistent
electrostatic potential distributions did not exist along the plateau

of the V-I cha_racteristic, has proved to be false. This was due to
a faulty interpretation of the fact that dV/dl (V = output voltage,
I = output current) was fotmd to be infinite at a range of current

values below the emitter saturation current. C_Greaves

_'29663 GENERALIZED THEORY OF TIlE THERMIONIC

PLASMA ENERGY CONVERTER. M. E. Talaat (Martin

Co.. Baltimore}. Appl. Ind.. No. 63. 309-20{.Nov. 1962}.

Basic principles of thermionic emission, ion generation.

and plasma properties are used to examine a model of the

vapor-fiiicd thermionic plasma energy converter. The

model divides the converter's interelcctrode space into

plasma, emitter, and collector sheath regions. At least

seven main equations evoh'e from consideration of these

three regions, namely, current, charge, plasma ion.

plasma energy, and voltage balance equations. Repeated

solutions of these equations at various load currents yield

the current-voltage characteristic curve. A generalized

efficiency expression is also presented. (auth) I_'_f_ I(O_1_

g O
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General E1ectrlc Co., Schenectady. N. Y.
EVALUATION OF A MOLYBDENUM EM/TT£R, LOW VOLTAGE
ARC TIiERMIONIC POWER CONVERTER.

Quarterly technical progress rept. no. 3,
15 Sep-30 Nov 62,
by E. A. B_um. Dec 62. 28p. Joel, illus, table.
(Rept. no. R-606 Q-3)
(Contract AF 33(657)8323, ProJ. 8173)

Unclassified report

DESCRIPTORS: mCathodes (Electron tubes).

• Cesium electron tubes, UElectric power pro-
duction, mThermoelectrlcity, Molybdenum, Life

expectancy, Electrodes, Stntered cathodes,

Casting, Electric arcs, Sapphires, Manufac-
turing methods, Deterioration, Seals, Theft-
ionic emission.

Results of extended steady state operation of the
Me emitter Cs vapor converter show that at least

1000 hours of life can be expected with the pres-
ent converter design at cathode temperatures im
the range of 1450 to 1500 C. The power output
level with polycrystalline arc-cast molybdenum
electrodes was foundto remain constant over this

operating period, although the life of the con-
verter structure has been shown to be consider-

ably longer. An accumulated total of 4300 hours
has been attained on 3 initial design converters
operating with ceramic-to-metal seal temperatures
between 600 and 650 C. The sapphire material
used for maintaining the electrode separatioo was
found to have deteriorated in 2 converters. It

is significant that the sapphire spacer material
showed evidence of reacting with the anode rather
than with the cathode. Converters tested with
electrodes fabricated from slntered Me material

showed higher inltial power levels than the arc-
cast material. Extended steady state operatiom
of 3 converters resulted In an accumulation of

750 hours of operation. The results of the tram-
sient tests showed no major instabilities over

the normal operating region of the converter.

(Anthor) JC >

AD-295 052 Div. 7

(TISTM/RD) OTS price $6.60

Radio Corp. of America, Lancaster, Pa.
THE DEVELOPMENT OF AN AUXILIARY ELECTRODE
THERMIONIC CONVERTER.

Quarterly technical rapt. no. 4. 15 Sop-
15 Dec 62,

by M, B. Ilall and J. J. O'Grady. Jan 63, 54p.
incl. illus, tables.

(Contract AF 33(657)8005, ProJ. 8173)

Unclassified report

DESCRIPTORS: UThermoelectricity, _Power sup-
plies, _Auxlllsry power plants, Electrodes,

Cesium, Ceramic materials, Electric power
production, Space flight.

Progress is reported on research conducted to
improve the efficiency and llfe expectancy of

thermlonic energy converters for space applle--
tlons. The program has been modlll_d to thp de-
velopment of s cylindrical e_,_rter, the cm(t_"

ter of which is _rmall a bonded to but electri-

cally insulated from a central heat-source tubing

carrying liquid metal. Significant progress has

been achieved in the various portions of the pro-
gram. A particular geometry employing the Cross-
Curren_ Converter principle was selected and the

overall design has been determined. Two prom-
ising methods for the application of the emitter
insulation are being evaluated. The effects of

cesium on ceramics at the various temperatures of

interest were observed and the results analyzed.

(Author) / ___._

• 3999 OPTE_flZATION OF EFFICIENCY OF A
CESIUM-DIODE CONVERTER. C.K.Sanathar_.

J. appl. Phys. (USA), Vol. 33, No. 12, 3491-3 (Dec_ 1962}.
When the inter-electrode spacing is very small in an alkali°

metal vapour diode, pl_tsma heat transfer cannot be neglected. An

efficiencyanalysis very similar to tlmt of Schock (Abstr. 1196 of 1961)

includes this effectand compares itto that due to radiation loss.

In the analysis the heat-transfer coefficient h[W/(cm)Z('K)] is given

values 0, 0"005, and 0.01. This range is based on the experimental

v_dues of h obtained in potassium and caesium diodes. The greatest

effectof h on efficiency is found theoretically to occur when the

electron-emitter work-fr_ctlon or output voltage is larger than the

optimum value for a particuIa.r temperature. _7_ _,_
/

24206 EFFECT OF AN INTERELECTRODE CAESIUM PLASMA

ON THE CHARACTERISTICS OF A THERMIONIC ENERGY

CONVERTOR. N.D.Morgulis and Yu.P.KorchevoL
Zh. te}_o Ftz. (USSR), Vol. 32, No. 12, 1487-9 (Dec., 1962). In
Russian. English translation in: Soviet Phystcs-Teclmlca] Physics

(USA), Vol. 7, Na. 12, 1099-1101 (June, 1963).
The convertor unit was situated in a caesium plasma produced

by an auxilIP_ryarc discharge, hence the plasma parameters were

not dependent on the operation of the convertor and could be varied

over a wide range. _t is shown that the chief effects acting in the
convertor are electronic at the surface of the electrodes and that

/e volumeeffects order.



5088 ENERGY OBTAINABLE FROM A CARNOT EN-

GINE WITH A TIIERMALLY IONIZED GAS AS THE WORK-

ING FLUID. M. It. Dunn and A. Maitland (C. A. Parsons

and Co., Ltd., Newcastle-upon-Tyne, Eng.). 3. Appl. Phys..

33: 359a-9(Dee. 1962).

A magnetoplasmad)mamie generator is considered that

uses a closed-cycle seeded gas as the working fluid. It is

shown that if the generator is operated as a Carnot engine,

the existence of ionization in the gas leads to an increase

in the work obtained over that obtained using an un-lonized

gas. (T.F.H.) N-_f_ t_3

AD-295 490 Dlv. 7

(TISTA/FRL) OTS price $2.75

General Electric Co.. Phlladelphiae Pm.
CAVITY VAPOR GENERATOR PROGRAB.

Final rept.. June 61-Sep 62.

by D. L. Purdy, R. C. Keyser and others.
Dec 62, 138p. incl. illus, tables, 6 refs.
(Contract AF 33(616)8394, ProS. 817J)

(ASD TDR 62-899) Unclassified report

DESCRIPTORSt ,Generators, Solar energy. Solar

cells. Design, Tests, Vacuum systems, Theory,

Thermionic emission.

A description is presented of the theoretical

study, design, and test of a thermionic genera-
tor utilizing solar energy concentrated by means
of a parabolic collector. The generator produced
21.25 watts at 8 cathode temperature of 17_J •
in solar test with a five foot diameter, sixty

degree rim angle, parabolic collector. Expected
future performance of solar thermlonic systems Is

discussed. (Author) r_-_

/I_292 143 Day. 7

(TISTE/OHD) OTS price $5.60

General Electric Co.. Philadelphia. Pu.
ADVANCED SOLAR TIIERMIONIC GENERATORS.

Quarterly technical progress rept. no. 1.

Sep-Nov 62.
by R. R. Ilerrick. R. C. Keyser and L. L. Dutram.
Dec 62, 52p. incl. illus, ta_]es. 3 refs.
(Contract AF 33(657)8947, ProS. _173)

Unclassified report

DESCRIPTORS: "Solar cells, eThermio_ic

emission. Cesium. Vapors. High temperature
research, Nolyb0enum, Tantalum. Test

methods. Cathodes.

Performance data is presented obtained during
solar testing of the cavity vapor generator

system with series and parallel converter ar-
rangements at cathode temperatures of 1400 to
1500 C. Nisorlentatloa data and simulated
orbital thermal cycling data have also been
obtained. System studies are given for selec-
tion of a configuration suitable for solar
evaluation. (Author) • //_



'AO-296 020 Div. 7, 8

(TISTP/WH) OTS price $8.60

Martin-Marietta Corp., Baltimore, Md.
A STUDY pROGRAM ON CESIUM VAPOR-FILLED THERNIONIC

CONVERTERS HAVING IRIDIUM EMITTERS.
Yearly summary rept., 1 Nov 61-30 Oct 62.

by M. E. Talaat, D. S. Trimmer and k. J. Kennedy.
Dec 62. $7p. incl. illus. 3 refs. (MND rept.

no. 293_)
(Contract Nonr-363900. ProJ. NR 099-363)

Unclassified report

DESCRIPTORSt ,Thermionic emiSSiOn. ,Energy

conversion, ,Plasma p_ysics. ,Work function.
• Ceslum. ,Discharge tubeS. ,CathodeS. Iridium.
Rhenium. Rhodium, Platinum. Electric dis-

chargeS, Adsorption. Electrodes. Fi|aments.

q An extensive mapping of the performance of cesium

vapor-filled energy conversion devices was ob-

tained for the high vacuum work function emitter
materials, iridium and rhenium, for the inter°
e!ectrode gap of O.030-in. Chmracterintic

current-versus-voltage curves and summaries

of the output power density and efficiency are

given for the emitter temperature range of
1550-2000 K'and the cesium temperature range of
475-600 K. The data shows a systematic

superiority of iridium to rhenium. Tests wltk

a platinum emitter device confirm the trend of
good performance in cesium vapor with hlgh
vacuum work function emitter materials. Data

is given showing a highly precise agreement
between two iridium filament emitter devices and
an electron bombardment heated device with
iridium emitter. At the emitter temperature of

1700 K. liquid cesium temperature of 525 K, and

interelectrode gap of O.030-in.. the output

• power density of the three devices was 5.6 m 0.2
w/sq cm. and the energy conversion efficiency
was 14.25 * 1.255. (Author)

'(,,3
AD-295 917 Dlt. 7, 25

(TISTM/SJR) OTS price $3._0

Thompson Ramo Wooldridge. Inc.. Cleveland. Ohio.
ADVANCED SOLAR THERMXONIC POWER SYSTEMS.

Final rept. June 60-Aug 62.
Dec 62, 239p. incl. illus, table (Rept. me,
ER-5038)
(Contract AF 33(616)7411, ProJ. 8173)

(ASO TDR 62-877) Unclnssltie_ report

DESCRIPTORS: *Thermionic emission, _Power
supplies, *Solar cells, Generators, Vacuum
systems. Thermoelectricity, Effectiveness,

Cesium, Vapors, Storage batteries. Cadmium.
Nickel, Silver, Plasma physics, Solar energy,

Design.

A survey of all components required for advanced
_olar thermionic power systems in the 1-10 kw

range suitable for application in aerospace
vehicles is presented, The results of the-sur-
vey and development program were used to deter-

mine design criteria applicable to these sys-
tems. •r_,,. _,evelopme_tt program included evalu-
ation of thermionic converters of the vacuum

an_ vapor type. The details of the design.

fabrication, performance tests, and evaluatiom
of the thermionic converters and generators

built during the program are presented. The
importance of the proper selection of solar re-
ceiver configuration, as well as the requirement

for high precision solar concentrators, is
treated extensively. Consideration is also

given to the requirements of the orientation
subsystem, energy storage subsystem and the many
control requirements necessary to adequately

orient the solar concentrator arrays, store
energy for the shade portion of the orbital

cycle and properly condition the electrical
power required by the vehicle load. The Ap-
pendix presents a detailed design, performance,

sad test specification for a 1.5 kw, 28 volts

solar thermionlc power system. (Author) /_-_

203



qJ6553 MATERIAI,S FOR TIIERMIt)NIC CONVERTERS.

Coleman ICaplan (Marquardt Corp., V:m N_:y_, C:illf.).

p.453-66 of '* Materials Science and Technology for Ad-

vanced Applications." Englewood Cliffs, N. d., Prentice-

Hall, Inc., 1962.

The basic theory of the thermionie converter is re-

viewed. Var!ous methods of reducing the space charge

limitation of curren t in a thermlonlc converter are dis-

cussed. In vacuum converters, the effect of space charge

can be reduced by very close spacing or by the use of a

crossed electric and magnetic field (the magnetic triode).

Space charge can also b_. rtcutraliznd by Introducing posi-

tive ions into the converter. In the cesium diode and triode,

the plasmatron converter, and the pulsed diode, positive

ions are supplied by Ionization of a low pressure gas. Solid

materials which emit positive ions when heated are also

being investigated as a source of positive ions for space

charge neutralization. The electrical and mechanical re-

quirements for the emitter, collector and auxiliary elec-

trade materials are discussed, as well as the problems

related to insulators, seals, and electrical leads. The

materials problems involved in using the thermlonic con-

verier with a nuclear reactor or a combustion chamber a,-

the heat source are mentioned. The nuclear-heated appli-

cation requires fissionable fuels and reactor structural

materials that will withstand high temperatures and radia-

tion damage. The combustion heated thermionic system

requires materials with a reasonable lifetime when subject

to corrosion and erosion by hot gases. Both applications

require materials that are compatible with and can be

joined to the electron emitters and insulators of the con-

vertercells. (auth) _, _ _ I_,3

?_!268 (TID-17254) PERFORMANCE OF CESIUM

THERMIONIC DIODES OPERATED IN SERIES-PARALLEL

CIRCUITS. J.W. Holland (Atomics International. Dlv. of

North American Aviation, Inc., Canoga Park, Calif.).

[1962]. Contraet AT'(ll-l)-Gen-8. 32p.

Electrical power degradation from the operation of many
series-parallel circuited cesium diodes in a thermionie

reactor must be considered when a nonflattened nuclear

power distribution exists over the volume of the reactor

core. An experiment was carried out to measure the loss

of power and efficiency due to unequal heat inputs to

series- or parallel-connected diodes, and to study the

operating characteristics of a multiple-diode system. The

results were applied to a specific thermionlc reactor con-

figuration with a ratio of maximum to minimum diode heat

input of 1.85. The minimum degradation of power and ef-

ficiency was found to be 41 and 19_, respectively, It

optimized operating conditions. (auth) _ ._ a (p_Cl_

2139 THERMIONIC ENERGY CONVERTERS. E.F.

Redden and A. E. Wallis (Aeronautical Systems DIv.,

Wright-Patterson AFB0 Ohio). Preprint Paper No, CP 62-

1150. New York, American Institute of Electrical Engi-
neers, 1962. 7p. $1.00.

The state-of-the-art for thermionlc energy converters

and the basic operating characteristics of various designs

are reviewed. Problem areas in converter design are

identified. Developm#:nt trends are pointed out. It is con-

eluded that extensive basic and applied research must be

pecomplished in tbermior, lc technology and high tempera-

ture materials before practical application of thermionic

energy converters can be possible. Discussions are pre-

tested without resort to highly technical details or compli-

cated theoretical analysis. A comprehensive bibliography
of pertinent literature is included. (auth}

/2138 TllERMIONIC A-C GENERATION. C. L. Elt:.'*n

and A. Schock (Republic Aviation Corp., Farmingde,

N.Y.). Prcprint Paper No. CP 62-1160. New York.

American Institute of Electrical Engineers, 1962. 22p.
$1.00.

A system for modulating the output of a thermionic gen-

erator and delivering a high-voltage alternating current to

the load is presented. After optimizing the mode of opera-

tion, equations for the maximum conversion efficiency are
derived. For a given anode work function and cathode tem-

perature, it is shown that the maximum a-c efficiency is

equal to approximately 70% of the corresponding d-c value.

An illustrative example, including a proposed design for a

transfocmer, is appended. (auth) ,N"<__ _ _

9113 TIIERMAL ENERGY STORAGE FOR TIlERMI-

ONIC CONVERSION. E.F. Batutis and D. L. Purdy (Gen-

eral Electric Co., Valley Forge, Pa.). ARS Preprint No.

2505-62. New York, American Rocket Society. 1962.
Prepublication Copy. 72p. $1.00.

Silicon and a number of refractory oxide mixtures were

studied in an investigation of materials having the proper-

ties of high heat of fusion (weight basis) and melting tem-
peratures ranging from 1600 to 2200°K. These thermal en-

ergy storage (TES) materials were examined for usage In

solar eollector-thermionic converter electrical power- Sys-

tems employed in space vehicles. A series of screening

tests for silicon containment materials indicated that pyro-
lytic graphite, boron nitride, titanium boride and several

other materials might be useful. Alternate TES material,,

in the form of eutectic oxides were found that had heats of

fusion near or better than silicon. Fabrication and sealing

problems of the silicon container materials shifted empha-

sis to the oxides. A system study was undertaken using the

oxides as part of a solar thermionic electric power system.

Calculated specific system weights ranged from 185 to 288

pounds per kilowatt with 4BeO-4MgO-AI20 _ and 3BeO-2CaO

respectively. The higher operating temperalures possible

using oxides was the major parameter resulting in specific

system weights lower than that calculated for silicon. (autl_
......... P_/_ ,b._

7130 THERMIONIC CAVITY GENERATOR DEVELOP-

MENT. David L. Purdy (General Electric Co., Phlladel-

phial AIRS Preprint No. 2572-62. New York. Amertcall

Rocket Society, 1962. Prepublicatlon Copy. 49p. $1.00.

Work performed on a cavity vapor generator is discussed,
and attention is given to the expected performance of futuro

solar-thermionic space-puwer systems. The system con-

siderations involved in collector and generator sizing, as
well as converter-to-generator relationships, are_ dis-

cussed. Computations are described that define the thermal

and electrical performance of the converters, cavity, insu-

lation, collector, and vacuum system. Measured values ot

thermal energy and electrical power obtained during labo-

ratory testing are described, resulting In a converter effi-

ciency at a cathode temperature of 1650"K of 6.5%. A de-

scription of a solar test and expected solar test results l|

included. (antlO /q _fl I(0 '_



9117 CE_rUM TtlERMION|C CONVERTERS A.ND

GENERATORS FOR SOLAR SPACE POWER SYSTEMS.

Pierre J. Brosens and Sotirls S. Kitrilakis (The:too Elee*

tron Engineering Corp., Waltham, Mass.). ARS Preprint

No. 2571-62. New York, American Rocket Society, 1952.

Prepublicatlon Copy. 9p. $1.00.

Data obtained for converters using niobium, tantalum,

tungsten, iridium, and rhenium emitters, as a function of

tnterelectrode spacing and converter operating tempera*

tures. 18 gLven in the form of maximum power density

maps. Theoretical work on the effect of crystallographic

orientation of emitter surface on converter performance is

described. General design requirements for solar thermi-

onlc generators for space applications are discussed. Gen-

erators can be designed to have the fast warm-up charac-

teristics that must be achieved in satellite applications.

Work on cylindrical monodiode and cubical multidiode geu..

erators is describc-d. Although no !_herent limitation is

observed on the life and reliability of thermionic devices,

life of the order of several thousands of hours and high

reliability remain to be demonstrated. (autl0 t,_._ _ J (_-:_

1021S COUPLING NUCLEAR-THERMIONIC POWER

TO ELECTRIC SPACECRAFT PROPULSION. J.F.

McCartney (The Martin Co.. Baltimore). AIRS Preprint

No. 2551-62. New York, American Rocket Society, 1962.

Prepublicatlon Copy. 10p. $1.00.

Input rcquI rcments for elect rie space_raft pro.pulsiolt

devices are reviewed, and basic conceptual designs for

coupling nuclear thcrmionie power to the devices and other

spacecraft loads are presented. The arc-jet engine re-

quires powcr with a characteristic of high current at rela-

tively low voltage, which requirement suggests the direct

connection of the device to the thermlonic system output.

MIlD propulsion devices, utilizing both the crossed°fie|d

and arc-discharge principles, may be supplied from •

thermionic power source without the use of power conver-

sion equipment. The ion-propelled spacccraLt requires

nearly 85% of the thermionic elcctric,'d output converted

to high-voltage d-c for supplying the ionizer and accelerat-

ing potentials. It is expected that power conversion equip-

ment can be developed to provide outputs for ion propul-

sion in the megawatt range with an efficiency of 95% and •

weight equal to or less than 2 lb/kw, including the thermal

radiator. (auth) _#4 r _ 2_

• 9129 LARGE, LOW°COST THERMIONIC SOLAR

CONCENTRATOR ANALYSIS AND DEVELOPMENT. John

P. Bagby, Robert C. Erdmann, and Oscar Biblarg (Hughes

Atrcr_t Co., Culver City, Calif.). ARS Preprint No. 2534-

62. New York, American Rocket Society, 1962. Prepubllo
cation Copy. 68p. $1.00.

Analysis and computer studies show that collectors o(

other than paraboloidal conic sections of revolution, used

f_r solar concentrators, can Achieve sufficient Intensities

to produce emitter temperatures required for satlafactorF
thermionic energy conversion. Lightweight solar concen-

trators of any conic of revolution are formed without mas-

ters by '.nflating and stretching aluminized mylar film prior

to foam rigidization. The mathematical analysle of second°

degree conic concentrators is presented. The fabrleatlom

ewrhntques and optical performance teste used are de-

ibed. A mosaic method of manufacturing very large,

-cost concentrators is investigated. (aut/_. ,_D r 6,_

9126 SOLAR ENERGY THERMIONIC CONVERSION

SYSTEM. W.R. Menetrey (Electro-Optical Systems, Inc.,

Pasadena, Calif.) and A. Smith. ARS Preprint No. 2499-62.

New York. American Rocket Society, 1962. Prepublic_ion
Copy. 100p. $1.00.

The design, fabrication, and testing of solar-energy
thermionic cells are described. The discussion include8

the fabrication and performance of a 6-it solar concentra-

tor, fabrication _--nd test of converters, a_.l the fabrication

of two thermionic generators along with test data using

both solar radiation and electron bombardment heaters. A

system efficiency of 3 percent and a specific weight of 2

watts/lb are demonstrated In a prototype system test using

solar radiation. (auth) _vf)_ I _._



CHARACTERISTICS OF THE pLJtS_,L_ DIODE E_I_R_Y

_19887 CONVERTER WITII MET_t LLIC CAESIUM CATIIODES

AT SMA LL IN'FFRE LECTI_ODE DIS'rA _C ES.

yu.P.KorchevlTi and l.M.llroshev.

 ray,n,*z.Z,. USSl,',VoI.7,No.',
/

912(, SOLAR ENERGY THERMIONIC CONVERSION

SYSTEM. W.R. Menetrey (Electro-Optlcal Systems, Inc..

Pasadena, Calif.)an...._ddA. Smith. ARS Preprlnt No. 2499-62.

New York, American Rocket Society. 1962. Prepubltcatton

Copy. 100p. $1.00.

The design, fabrication, and testing of solar-energy

thermlonic ceils are described. The discussion includes

the fabrication and performance of a 5-It solar concentra-

tor, fabrication and test of converters, and the fabrication

of two thermionic generators along with test data using

both solar radiation and electron bombardment heaters. A

system efficiency of 3 percent and a specific weight of |

watts/lb are demonstrated in a prototype system test using

3(,462 THERMIONIC ENERGY CONVERSION. J.

llouston and H. F. Webster (General Electric Research

Lab., Schenectady, N. Y.). Adv. Electron. Electron Phys.,
17: 125-206(1962).

• A brief summary of thermionic conversion analysis Is

presented. Equations for the current-voltage characteris-

tics, power output, and efficiency of an Idealized model ¢_

a thermionic converter are derived. The work functions d

the surface of various materials and combinations of ma-

terials are discussed. The space charge, surface physics.

and fabrication problems of vacuum thermfonlc energy

converters are outlined. Cesium thermionlc energy con-

verters and devices using auxiliary discharges and fission

fragments for ion production are discussed along with their

/applications. (C.E.S.) f,_ _._ t _

9134 PERFORMANCE TEST OF A CUBICAL CAVITY

SOLAR THERMIONIC GENERATOR. W.J. Leovic, M. W.

Mueller, and C. G. Stevenson {Thompson Rams Wooldridge

Inc., Cleveland). ARS Preprint No. 2554-62. New York,

American Rocket Society, 1962. Prepublicatlon Copy. llp.
SL0o.

A solar test program carried out on a prototype thermt-

onie generator is described. The program, which is de-

signed to evaluate the performance of the generator in con-

Junction with a five-foot precision solar concentrator, shows

the ability of such a combination to produce very nearly its

design power output levels in a space environment. A de-

scription is given of all specialized equipment and tech-

niques employed in carrying out the tests and evaluations.

The pertinent data and results are summarized and analyzed

for all major phases of t_he -_!ar _st effo_. These m_Jor

phases include the evaluation of concentrator efficiency,

P_ux profile and power distribution measurements, cavity

absorber efficiency, the environm_ntal chamber and the

influence of the transparent vacuum enclosure, a compari-

son and correlation of solar test generator performance

with laboratory test data, and an extrapolation of the earth-

bound test results to the true space environment. (autll)
J N 5,x ,t, ._,

Oeneratlon of electricity by unconventional
methods; thermionle gener_ttors. H. J3111ett
and others, dings In-st Mesh Eng Proc 176
no 18:425-31 "62

,a S _-r a- ,6 _



VI6186 CIIARACTERLSTICS OF SPACE-CI{ARGE

TitERMOELECTRIC CONVERTERS CONPENSATED BY

A CESIUM PLASMA. Jean-Edgar Picquendar, Eug_no

Dleulesaint, and Philippe Defranould. Compt. Rend., 256:

103-5(Jan. 2, 1963). On French)

Two types of thermoelectric converters in which the

space charge is compensated for by a natural plane• of

cesium ions were developed. The heating of the cathode

is obtained in the first model by electron bombardment

and, in the second, by a luminous radiation falling on the

cathode. A maximum yield of 14% with 115 amp under ...

0.72 v was obtained. (at-suCh) j_/P_fl ' _"#

qA0-295 907 Dlv. 7

(TISTM/EJH) OTS price _2.60

General Atomic Div., General Dynamics Corp., So•
Diego, Calif.
HIGH-TEMPERATURE VAPOR-FILLED THERMIONIC
CONVERTER.

Quarterly technical progres• rept.° 1 Oct-
31 Dec 62,
by M. Gudsi•. 7 Jan 6), 21p. incl. illus.
table (Rept. no. GA-3798)

(Contract AF 33(657)8563, ProJ. 8173)
Unclassified report

9ESCRIPTORS= ePower supplies, *Thermlonic

emission, Manufacturing methods, Filament•,
Failure {Mechanics), Materials, Molybdenum.
Aiuminu_ compounds, Oxide•, Tantalum, Car-

bide•, Uranium compounds, Zirconium compounds,
Cesium, Vapors, Teats, Thermocouples.

Ceil F was operated st power for 48_ hour•.
Cell F is the first cell 1• which the expected

current emission density was observed from o
carbide emitter is us engineered thermlonlc

generator. Short-circuit currents of 120 amp
were observed from the emitter it the cell. A

maximum power output of 50 watts {5 w/sq on)
was obtained at an emitter temperature of 2_£0 g.

During steady st•re operation power was lm the

range from 10 tO 30 wattS. The cell was •or
optimized for m•ximum power. The coat•ca
potential in the cell agrees with that expected
from s low work function carbide emitter ••d •

fully cesisted collector. For • nominal ceotsct

potential of 1 volt and • short-circuit current
of 120 amp, the optimum power should b•re been
120 watts, assuming no transport defects is the

cell. Actually the maximum power output cor-
responding to u short-circuit current of 120 amp
was more nearly 40 watts, indicating transport

/Selects in the cell. (Author) t_

UNCLASSIFIED

105163 CESIUH pLASMA STWDIES FOR THERHIONIC ENERGY CONVERSION
Received JPL: January 8, 1963 Unclasslfled

Hughes Aircraft Co. (ARPA Order No. 209-62)

Research Laboratories
Nonr 3501(00)
Quarterly Letter Report-2, Phase II

In order to investigate the process of the thermallzatton of

streaming electrons in a cesium plasma, a series of preliminary measure-
ments of the plasma electron temperature have been made using a probe
instrumented cesium plasma generat_z. In these measurements, the in-

jection of the electrons into the plasma is accomplished by means of

generating the cesium plasma on one hot tantalum plate and injecting
the electrons from the other negatively biased, electro_ emittin_ hot

plate. Our theoretical studies have shown that the field free plan.us
column occupies mcst of the space between the two plates and that the

potential drop d_e to the applied biased voltage appears mostly at
the negatively biased place.



41559 (RAC-II02) MAGNETIC FIELD EFFECTS IN

TIIERMIONIC PLASMA DIODES. Final Technical Report,

Alfred Schoek, William E. Eaton, Charles L. Elsen, and

Bernard Wolk (Republic Aviation Corp., Farmlngdale,

N.Y.). Jan. 1963. Contract Nonr-3285(O0). 34p. (AIY-

296232)

Experiments to determine the effects of transverse and

longitudinal magnetic fields on thermionle current trans-
mission are described. The results obtained are in qualita-

tive agreet_ent with theoretical predictions and suggest the

possibility of using m._netie modulation for a-c generation.

(auth) f'_ S IO_ I _'_

f 18900 (NP-12667l VAPOR-FILLED THERMIONIC

CONVERTERS. First Quarterly Report, October 1, 1962

to December 31, 1962. K.G. Hernqvist and J. R. Fendley

(David Sarnoff Research Center, Princeton, N.J.). Jan. 20,

1962. Contract NAS 3-2531. 19p.

An analysis of the Cs vapor arc discharge Is described.

Itis assumed that the discharge operates in the ball-of-

fire mode, that cumulative ionization via the two resonance-

excited states is the predominant ionization mechanism,

and that trapping in the plasma of the resonance radiatio,_

results in a long effective lifetime of the states. A volt-

ampere characteristic is derived for the Cs arc, and (he

results •re applied to the thermionic energy converter.

Good qualitative agreement is obtained between theory and

experiment. A duo-emitter diode for microwave studies of

a Cs plasma and its application in a circuit are described.

The ion emitter and electron emitter face each other. A

test station for the monitoring and control of the gas

environment in an operating Cs diode is described. It is •

metal-ceramic system to which a mass spectrometer is

attached for analysis of gases in the converter. Provlstons

are made for Introduclng different gases in addition to Ca.

t'42401 (AD-296862) FEASIBILITY DETERMINATION

OF A NUCLEAR TiIERMIoNIC SPACE POWER PLANT.

Quarterly Technical Progress Report, November I, 1962

through January 31, 1963. (Aerojet-General _ucleonics,

San Ramon. Calif.). Comract AF33(657)-8977. 39p.

(AN-856)
Design and performance feasibility studies are made for

a nuclear tbermlonlc space power plant. Topics covered

Include: bond investigation of alumina-coated niobium tub-

ing with molyt_enum coating (both coatings applied by

plasma spraying) and finally sealed with a molybdenum
sleeve brazed to the molybdenum coating, heat rejection

problems of thermionlc radiators, package power reactor
characteristics, and natural-convection loop configura-

tion and fabriea_.ion, (N.W.R.) _ %1_ I f_ q_

12589 (NP-12543) RESEARCH pROGRAM RELATED

TO VAPOR TIIERMIONIC CONVERTERS FOR.NUCLEAR

APPLICATION. Quarterly Progress Report, Septem-

ber 27-December 27, 1962. A.O. Jansen (Electro-OptlC_

Systems, Inc., Pasadena, Calif.). Jan. 16, 1963. Contract

NAS3-2529. 44p. IEOS-3410-Q'I)

Progress in an investigation of loug-time temperature

effects on the surface structure of polycrystalllne Mo sub-

strafes Is reported. The major effort is being directed to-

ward determining the effects of such changes in the surfaC_

crystal structure on the performance of ceslated Mo emit-

ters for use in nuclear powered thermlonic convertero-

The material selected for use in the Investigation Io high-

quality mill stock which is low in C content and Interstittlfl

gas impurities. Results of preliminary processing trim

given along with investigations of grain growth and cesiatt_

emission. Other work is reported on selection of an else°

tron microscope lens configuration, design of s lens sup-

port and a n othod of moving the emitter relative to the
lens. O.It.r 3

iAD-_O3 656 Dlv. 25

(TISTF/WH) OTS price _10.50

Ford Instrument Co.. Long Island City. N. ¥..

LO-_EMP TBERMIONIC PLASMA STUD_.

Final rept..
by Wolfram StengeI. 31 Jan 6), lV.
Contract Nonr_416 00. ProJ. NR099 356

UuclasslfJed report

9escriptorst *Thermionic emission, *Energy

conversion, *Plasma physics, Cesium, Oxygen,

Tungsten. Electric discharges. Gas discharges.

Measurements of electron tempersture, electron

concentration and space potential in the plssmo

region of low temperature thermlonlc converters
were determined by means of a pulsed Lsngmulr

probe technique. The spatlsl distributions of

these parameters, in parallel pls_e geometry,
were measured with the aid of movable probes

within these operating converters. The experi-
mental values are shown to be conslstant with

reasonable physical models. Spectroscopic
measurements were made in both the visible and

infrared regions and the validity and applicabil'

ity of the results are discussed. Results ob-
tained from converters, in which small amounts

of oxygen were present in the discharge region,

are explored. The effects of cesium and ,'patch
effects'' on the surface characteristics of im-

pregnated tungsten emitters are discussed on the
basis of a theoretical analysis and experimental
results with numerous test cells. {Author) '6



A0-299 004 Oiv. 25. ?

(TISTE/CAN) OTS price $8.10

Tmpco Nest Coast £ngineerlng lhompson, Rsmo
Wooldrldge Inc., Inglewood, Calif.

LONG-LIFE THERMIONIC CONVERTERS FOR SOLAR POWER
SYSTEMS.

Final rept., Mar 61-Oct _2.
Feb 63. 82p.

(Contract AF _3(616)811_, ProM. no. 8173; Sub

contract to Thermo Electron Engineering Corp.,
Cambridge, Mass.)

(ASO-TOR-67-!069) Unclassified report

DESCRIPTORSI SThermionic converters, nElectric

power production, eThermionic emission, De-
sign. Effectiveness. Temperature. Electric

otential. Cesium. Instrumentation. Failure
Mechanics). Space environmental conditions.

Test methods, Test facilities
Life expectancy. . So!st cells, L

32702 (ASD-TDR-63-442) THE DEVELOPMENT OF

AN AUXILIARY ELECTRODE THERMIONIC CONVERTER.

W. B. Hall and J. J. O'Grady (Radio Corp. of America.

Electron Tube Div.. Lancaster. Penaa.). Feb. 1963. Con-

tract AF33(657)-8005. 200p.

Work accomplished to improve efficiency and I/_e ex-

pectancy of thcrmlonic energy converters for space appli-

cations is described. A converter was developed which em-

ployed an emitter thermally bonded to. but electrically

insulated from. a central heat source tubing suitable for

liquid metal. Power levels in excess of one watt per square

centimeter were obtained at an operating temperature of

1200"C with an efficiency of 5%. As a result of studies per-

formed during the program, converters can now be de-

signed which employ only materials compatible with cesium

for greater reliability and longer life. Improved perform-

ance and series operation of converters on a ilquid-metal

loop were demonstrated. (auth) _,_ _ _

11313 (MND-2945-1) DEVELOPMENT OF AN EN-

CAPSULATED THERMIONIC POWER GENEP.ATOR.

Quarterly Technical Progress Report, November 1-

January 31, 1963. (Martin-Marletta Corp. Aerospace

Dlv.. Bait/more). Feb. 15, 1963. Contract AF33(657)-
10077. lap.

The englneering design of the double diode thermionic

power generator was completed. Fabrication of several

component parts was initiated. The parts for the fueled

emitters are •Imost completely fabricated with only as-
sembly and final machining remaining. The _nanufacture

of other generator components including the collector

temperature control assembly and the ceramlc-to-metal

seals was initiated. The engineering design of the clad

fuel elements was completed and the first element,

similar in con_lguratlon to the fueled emitter, was fabrl-

cated. This element will be used to determine the changes
in the vacuum emission characteristics over a 200 hour

! test period. The vacuum test chamber was fabricated and

is undergoing preliminary outgassing. (auth) /_ _q , _ "_

1131S {NAA-SR-7661) PERFORMANCE OF CESIUM

THERMIONIC DIODES OPERATED IN SERIES-PARALLEL

CIRCUITS. J.W. Holland (Atomics International. Div.

of North American Aviation, Inc.,Canoga Park, Calif.).

Feb. 1, 1963. Contract AT-11-1--GEN-8. 38p.

Electrical power degradation from the operation of

many serles-parallel circuited cesium diodes in s therm-

ionic reactor must be considered when a nonflattcned nu-

clear power distribution exists over the volume of the

reactor core. This experimen: measures the loss ofpower

and efficiency due to unequal heat inputs to series- or

_.arallel-connected diodes, and studies the operating char-

acterist!cs of a multiple-diode system. The results ere

applied to a specific thermlonic reactor configuration with

• ratio of maximum to minimum diode heat input of1.85,

The minimum degradation of power and efficiency was

found to be 41 and 19%, respectively, at optimized operat-

ing conditions. (auth)

/Thermionlc Cell Generates A-C Power, W. BELLER. Missiles &

Rockets v 12 n 6 Feb 11 1963 p 18-19. Advanced solar thermlonic

system for space vehicles, under development by Ford Instrume.-_t

Co, incorporates thermlonlc cell able to generate a-c: celia la
pulsed internallyand operates at relativelylow temperatures about

1250 C; block diagram and loss ledger of 100 w a-c thermlonic

converter system is shown; a-c thermionlc cell.based on phenom-
el.on uf arc discharge incesium vapor, has 2 modes of operation.

arc and secondary mode. L'.j_ "_ -_

Termoemiani menic tepla v elektrlnu, J.KRAMAR. Ele-k_rote_
nlck-y Obzor v 52 n 2 Feb 1963 p 64-9. Thermlonic cOnverter of
heat to electricity; method for calculating efficiency of converter
is presented, based on assumption of total compensation of space
charge between electrodes; procedure is applied totherrnlonlccon-

verier fed by radiation energy and fittedwith emitter consisting
of metallic tantalum cathode, or Impregnated barium cathode, on

porOus tungsten. _ _/,,_,



Thermionlc Energy Converters. E.F.REDDEN, A.E. WAL'LIS.
IEEE--Special Publ S-145 Feb 1963 p 66-71; see also IEEE--
Trans on Aerospace v AS 1 n 1 Feb 1963 p 30-3. Present state of

art for thermionic energy converters and basic operating charms-
tel'--°tlcs of "various designs are reviewed: problem areas faced
by designers of converters are identified: recent development
t._v,d$ are pointed out; it is concluded that more of extensive
basic and applied research must be accomplished in thermioalc
technology and high temperature materials before practical appli-
cation of thermtontc energy converters wtU be possible, c__.J--_X

Them onic nuchar reactors. E. P Gvfto-
puulos aud G. N. Hatsopoulos. biblJog _|a,gs
/_lec Eng 82:10_-1b F '63

rl _'_ T I '63

"AD-402 844 DI_. ?. S

(TISTE/0HD) OT$ price j9.10

General Electric Co.. Schenectady. N. T.

EVALUATION OF A MOLYBDENUM EMITTER. LOl VOLTAGg
ARC THERMIONIC POWER CONVERTER.
Final rept.o

by E. A. Baum. Feb 6_, lOOp.

Contract AF33 657 8323. proJ. 8173. Task 817305 1_ASD TDR6J 18_

Unclassified report

Descriptors: *Thermionic Converters, aCeslum

electron tubes. Molybdenum. Cathodes (Electron
tubes). Life expectancy, Tests, Temperature.

Results of life tests on the planar molybdenunv.

emitter cesium-vapor thermlonlc converter operat-
ing under steady-state conditions are presented
along with s description of the life-test
equipment. Transient data on the effect of
variations, in cathode, anode, and reservoir

temperatures, us well as step changes ta the

load. are also presented. The Steady-state life
tests were performed at a cathode temperature of
1450 C on s 5 sq. cm. cathode area converter

design with the thermal input being supplied by

a radlation-type furnace in order to more closely
simulate solar cavity heating. Seven Converters
were tested for extended periods with nominal

power outputs of I._ wstts/sq, ca. to 2.5
watts/sq, cm. The maximum life of the state-of-
the-art structure on one converter was in excess

of 3000 hours sod four converters were operated

;beyond 1000 hours without major degradation in

the power output. In addition, the analyses of
two Converters which operated for 1200 hours and

1400 hours are discussed. (Author) /_..y._

J 27981 INVESTIGATIONS ON NOBLE GAS FILLED

THERMIONIC CONVERTERS. W. Bloss (Techaisebv

Hochschulo. Stuttgart}. Advanced Energy Conversion, 3:
315-21 (Jan.-Mar. 1963).

A method for space charge compensation in noble gases
and the performance of a special thermionic converter

with opera:',ng temperatures not exceeding 1300"K are dis-

cussed. Low work function collector materials (_: at 1 v)

are feasible In high vacuum or in noble gases only. Posi-

tive ions of noble gases for electron space charge cOmpen-

sation are produced in an auxiliary discharge. The Influ-

ence of the low pressure plasma on the efficiency of

conversion is investigated experimentally in different noble

gases. Values of experimental devices are given: Mean ef-

ficiency of conversion 8 per cent, highest efficiency ob-

tained 20 per cent; output power density of emitter surface

I z W/eroS. (auth) -",-'_' _G_

J

27982 A THERMIONIC GENERATOR WITH ION IN-

JECTION. K.G. Cook. D. A. Frnser. and G. G. Isaace

(General Electric Co., Wembley, Eng.}. Advanced Energy
Conversion, 3: 323-31(Jan.-Mar. 1963).

Rene_rch on thermlonfc generators in which the space

charge is neutral!sad by ions generated In an auxiliary dts-

charge is reported. Electrons are accelerated in an elec-

tron g_n and subsequently produce ions by collision In the

space between emitter and collector. The dimensions of

the gun are sufficiently small that, at pressures up to about
0.1 torr of xenon, the electron current remains substan-

t/ally space charge controlled with accelerating voltages up
to two ur three times the ionization potential of the gas.

The advantages of such a system are g/vcn, and an experi-

mental generator of this type is described. It COmprises •

thoriated tungsten emitter, a bar/tun on nickel collector

giving a work function of about 2 v, and an electron gun.

The device is filled with xenon at a pressure of about 0.1

torr. Typical results obtained with this system are as fol-

lows: Output power 2 W, ratio of output power to inject/on

power 5 : 1. measured thermal efficiency 2 per cent. The

main defect of the system is the failure to draw more than

about 30 per Cent of the availab:e cathode emission. This

may be associated with the Use of a directly heated emitter,

since the load Current introduces potential gradients along

the emitter surface. Present work includes the use of indi-

rectly heated cathodes. (auth) r_Sft qo'_

UNCLASSIFIED

113104 ADVANCED NUCLEAR-ELECTRIC POWER GENERATOR SYSTI_ STUDY,
VOLI_E II: THERMIONIC NUCLEAR SPACE POWERPLANT

(Period covered: January I-March 31, 1963)
Unclassified

Pratt b Whitney Aircraft (R-PWA-2212, Vol. II)
NASw-360

QPR

The objectives of this study are: I) to investigate

characteristics unique to the system, 2) to identify the technical
uncertainties unique to the system, Including design, material and

fabrication considerations, and 3) to recommend future program

areas for the study of feasibility and state-of-the-art limitations.
The reference design selected from the parametric studies for detailed
design study consists of a Cb-lZr, 16-segment rigid radiator operating

at on inlet temperature of 1852°F. A study was performed to determine

the performance and temperatures in a reactor thcrmlonlc converter
cathode due to an eccentric location of the cathode with respect to
the anode.



t 27964 EMITTER CORROSION IN TIIERMIONIC CON-

VERTERS. R. L. blcKisson (Atomics International, Canoga

Park, Calif.). Advanced Energy Conversion, 3:137-56

(Jan.-Mar. 1963).

It was observed that under certain circumstances a rela-

tively large amount of material was transported from a

molybdenum thermionic emitter to the collector. Because

of the serious implications of this trRnsfer on diode life, an

analysis of the chemical system within a cesium diode was

made. The various chemical species expected, and their

interactions under various conditions, are described. It is

shown that a gross transfer of molybdenum is not likely in

a system having only oxygen as an Impurity. However, if

hydrogen is also present within the diode, a mechanism for

gross transfer of molybdenum Is established, and a serious

tr_..nsfer problem will be produced. The analysis is ex-

tended to consideration of other emitter metals. The ex-

ternal corrosion of the molybdenum emitter sheath is •

major detriment to the use of a fossil fuel flame as a

thermlonlc generator heat source. However, since a flame-

heated thermionic generator appears to be an attractive

solution for certain specialized military tasks, this corro-

sion problem is currently being examined. Various pro-

tective coatings for molybdenum are described and dis-

cussed. Experimental results of tests of the silicon-base

Durnk-B coating are presented and analyzed. {auth) r_A '_o_

/ 27963 PROGRESS IN THE DEVELOPMENT OF

FLAME-HEATED THERMIONIC POWER SOURCES. W.R.

Martini and R. L. McKisson (Atomles International, Canoga

Park, Calif.). Advanced Energy Conversion, 3:123-36
(Jan.-Mar. 1963).

Due to the inherent high power-to-weight ratio of • therm-

ionic diode, development of flame-heated diodes is being

pursued for application to small, lightweight, silent power

sources. To demonstrate that power could be obtained from

a flame-heated cesium-vapor diode, a furnace was built

using surface combustion in a bed of zirconia chips to heat

a molybdenum emitter to 1500"C. The exterior of the emit-

ter was coated with Durak-B, a protective layer of molyb-

denum disillclde, and in addition, a wafer of silicon carbide

was used as a barrier be•wee• the flame and the coated

molybdenum. Although the overall heating efficiency of the

above externally heated diode and furnace was found to be

low, it is shown that the heating efficiency can be improved

considerably by using an internally heated diode. Some

successful experiments of burners designed to fit Inside •

large thermionie diode are described. A prototype inter-

• ally heated thermionic diode using a l-in. I-D molybdenum
thimble with an 84 cm ! emitter area st,as constructed and

tested using electrical heating. Pertinent details of Its con°

'_._tructto• end operation are described. In general, its per-

formance was quite similar to that of our cylindrical di-

odes. with an observed 8 per cent conversion efficiency at

a 1540"C emitter temperature. Plans for the future devel-

opment of the flame-heated diode concept are briefly de-

1 scribed. (autlO /_SA e_'_

• 27?65 A STUDY OF CESIUM VAPOR ATTACK ON

THERMIONIC CONVERTER CONSTRUCTION MATERIALS.

M. J. Slivka (General Electric Co., Schenectady, N. Y.).

Advanced Energy Conversion, 3: 157-66¢Jan.-Mar. 1963).

The rate of attack by cesium vapor on a number of ce-

ramic, metallic and metal-ceramic seal materials consid-

ered for possible use in the construction oI cesium vapor

thermlouie converters was studied to obtain data on which

tn select attack resistant materials for use in current

thermionlc converter work and to determine where con-

certed effort was needed and should be placed in more ex-

tensive attack rate experiments to follow. A description is

given of a test vessel having an integral cesium source in

which the attack experiments were conducted, as well as

the process_g and testing procedures that were followed.
A considerable variation of attack rates was observed for

various commercial and proprietary ceramic bodies be-

tween 600 and 900"C. V_at appears to be an anomalous

variation in the attack rate with temperature was also ob-

served for certain ceramic bodies. 7_notomicr°g raphs are

presented showing the results of attack on a variety of me °

tallic mater•ale of interest at 900"C along with similar re-

suits on representative active-alloy metal-ceramic seals.

A brief description will be given of a program that is under

way to investigate those areas determined to be in need of

additional study, along _lth any pertinent early res'_Ita

obtained. (autlO t_',_ t-_' _

_/27988 THERMIONIC ENERGY CONVERSION DIODE

USING A FILM BOILING LIQUID METAL ELECTRON

COLLECTOR. A.J. Ulrich (Argonne National Lab., ILL}.

Advanced Energy Conversion, 3: 397-405(Jan.-Mar. 1963}.

(TID-14705; UAC-5121)
Recent experiments have shown that a diode can be pro-

d:_d consisting of a hot emitter and a liquid metal collec-

tor separated by _e vapor film created in film boiling. In

such a diode the metal vapor pressure can be brought in the

range of a few millibars or less by, for example, control-

lin_ the pressure of an inert gas blanket that covers the

film boiling liquid. If conditions in the film are approt'.inte

for production of plasma a thermlordc energy conversion

plasma diode results. In initial experiments a drop oG NaK

(22% Na; 78% K) film boiled in a heated tantalum cup. Tim

estimated heat flux reqdired to support the vapor film was

about t_ of the black body radiated heat when the emitter

temperature was 1930"K. In later experiments, demon-

strating continuous operation, a heated emitter was par-

• tally inserted into a pool of potassium which could be
cooled below the boiling point. The maximum subcooling

that permitted film boiling was found to be strongly de-

pendent on vapor pressure and depth of submersion and

weakly dependent on emitter temperature. However,

greater thermal instabilityoccurred at lower emitter

temperatures. The current voltage shapes showed that

the vapor film thickness was great enough for traneport

losses to be apparent under all of the conditions iuve_-

.,gated thus far. (auth) fl _ 1(r'_



"27986 SPACE CHARGE NEUTRALIZATION IN

THERMIONIC DIODES CONTAINING FISSION PRODUCT

KRYPTON. R. Forman and J. A. Ghormley (Union Car-

bide Corp., Parma, Ohio). Advanced Energy Conversion,

3: 385-6(Jan.-Mar. 1963).

Currents In hlgh-pressure (I-300 mm) inert gas diodes

at filament temperatures around 3000"K are known to ex-

ceed those predicted by space charge limitations, perhaps

due to thermal ionization. The possibility of achlevlv_ the

same effect at lower temperatures by using a radioactive

sou_rce as the ionizing medium was examined since calcu-

lations also showed that enough positive ions might be

produced for space charge neJtralization. Characteristics

of cylindrical diodes with vacuum, natural Kr, and fission-

product Kr and using Ta anodes with oxide cathode and
thoriated-W filaments were studied. The thoriated-W diode

filled with fission-product Kr showed current-voltage

characteristics not predicted by space charge limitations,

and the diodes containing fission-product Kr displayed

negative resistance in the cuxrent-voitage characteristics.

.c.w.) _ _ ' _,

_i27785 NUCLEAR GENERATED PLASMAS IN NOBLE

GAS THERMIONIC CONVERTERS. F.E. Jamerson, R. H.

Abrams, Jr., C. B. Leffert, and R. Silver (General Motors

Corp., Warren, Mich.). Advanced Energy Conversion, 3:

363-83(Jan.-/dar. 1963).

The generation of a plasma by fission fragment Ioniza-

tion in noble gas thermionlc converters was investigated

in a series of Inplle experiments at the University of

Michigan reactor. The plasma generated in Ne : Ar (1000 : 1)

at a pressure of 20 mm Hg was investigated in a plane

parallel diode with electrically heated emitter and col-

lector of barium impregnated tungsten. The fission frag-
ment source was uranium foil mounted on a third electrode.

As calculated from diode V-I characteristics, Ion densities

of order I0 t° cm -I were generated by fission fragments in

the space surrounding the converter, and ion densities oC

order 10 tt cm -s were present in the lnterelectrode gap due

to the formation of ion trapping sheaths at the electrode

surfaces during normal converter operation. The effect on

converter operation of cesium generated in the fission

procesJ was invest!gated in a tube with a diode structure

and filling as above, but with a fission product source

shielded from the interelectrode space. No cesium effects

were observed during the 111_ hr of tube operation. The

ion density due to the reactor gamma flux was calculated
from the V-I characteristic to be of the order 10e-10 I

cm "4. Fission product poisoning of the collector was ob-

served at temperatures less than 1000"K; the collector

could be reactivated. To investigate the plasma generated

by fission fragments in Xe at a pressure of $ mm Hg, a

plane parallel diode was constructed with a nuclear heated

emitter of uranium carbide-rhenium and a barium im-

pregnated tungsten collector. The emitter operating tem-

perature was 1950"K in a neutron flux cf 5 x ]012 Cm "4

sec-!. Discontinuities were observed in the forward cur-

rent characteristic between 6-7 v. The effects bet, sen 6

and 7 v were attributed to the formation of xenon meta-

stable atoms ;_ _Le collector sheath that could then produce

additional ionization. The discontinuity at 10 v was attrib-

uted to Xe breakdown. The Ion density calculated from the

V-I characteristic before the first discontinuity was of

_)rder l(f cm "4. {auth) h_ '{_

27?87 THERMIONIC ENERGY CONVERTER WITH A

LIQUID COLLECTOR. P. Brosens and G. N. Hatsopoulos

(Thermo Electron Engineering Corp., Waltham, Mass.}.

Advanced Energy Conversion, 3: 387-96(Jan.-Mar. 1963).

The advantages and disadvantages of thermionic diodes

using liquid collectors are reviewed. It is pointed out that

one of the major parameters upon which the practical

value of such devices depends is the depth of immersion

that the emitter walls can have without resulting in insta-

bility of the film bc,lllng process. The flow conditions in

the film are derived from first principles. These are then

combined with the Helmholtz stability analysis for the

b/boundary between two fluids 'o find the maximum depth of

immersion that the heat source walls can have in a stable

film boiling regime. It is also pointed out that, generally,

only a fraction of this maximum immersion depth can be

used owing to the excessive film thickness that is other-

wise achieved near the liquid surface and for which no

useful diode output can be obtained. Expressions for the
_-a! ,t.J __ ....

• ,,m ,,-_,c_s and vapor velocity in the film are given.

The results of mercury and cesium film boiling experi-

ments are discussed. The major conclusion reached is

that intense cooling of the film interface with the liquid
is required in order to achieve depths of immersion ex-

sceedtng one inch In practical cesium devices. (auth)_'_

o

||'J (AD-298666) FIRST QUARTERLY REPORT

FOR ADDITIVE CONVERTER STUDIES. Report No. 20-63.

A. L. Ilyland (Thermo Electr,n Engineering Corp., Wal-

tham, Mass.). Mar. 1963. Contract AF33(657)-10130..
14p.

• The reasons for the expectation of better Performance of
the thermionic converter, due to the addition of electro-

negative atoms, are given. The designs used in the experi-

mental verification of these expectations are shown. Back-

ground work and plans for the future are discusse_S(_ut_¢ _ 1-/-

"31769 EXPERIMENTAL PERFORMANCE OF A HIGH'

CURHENT-DENSITY CYLINDRICAL CONCAVE POROUS

TUNGSTEN EMITTER FOR ION THRUSTOR& Joseph Fo

Wasserbauer (Lewis Research Center, Cleveland). New

York, American Institute of Aeronautics and Astronautics,
1963, Preprint 63029-63, llp. (CONF-10-13)

From Electric Propulsion Conference, Colorado Springs,
Colo., Mar. 1965.

The performance of an experimental contact-ionization

thrustor with cesium propellant is presented. The porous

tungsten ionizer was of cylindrical-concave shape to

minimize impingement. The ion thrustor employed focus-

ing electrodes and an Recelerating electrode positioned at

accelerating distances of 2.00 and 2.50 ram. Current densi-

ties as high as 260 amp/m z were obtained with accelerator

currents of 15 percent of the ionizer current. No recordable

accelerator electrode current was obtained for ionizer

current dez,sities less than 70 amp/m I for an accelerator

length of 2.00 mm and net accelerating voltages greater

than 4 kv. A comparison is made between the experimental

data and the results obtained from a numerical solution of

the two-dimensional Polsson equation. Theoretical ion

y a.uJectories for a number of configurations are presented.

212



'_J27983 TIIEORY AND PERFORblANCE OF AUXILIARY

DISCHARGE TIIERMIONIC ENERGY CONVERTERS. R.C.

KnechtU and Marvin Fox (Hughes Research Labs., Malibu,

Calif.). Advanced Fnergy Conversion, 3- 333-49(Jan.-

Mar. 1963).

A theory of attxlliarydischarge thermionlc energy con-

verters is presented. This theory permits the predlct/oh of

a converter's I-V characteristics as functions of auxiliary

discharge current, auxiliary disch=.'ge voltage and geome-

try. It also permits the prediction of the resistivevoltage

drop across the plasma as a function of load current.

Measurements of auxiliary discharge converter I-V char°

acteristlcs were performed with aux/llary discharge cur-

rent and voltage as parameters. These measurements are

presented and compared with theoretical predlctlons. The

relatively low auxiliary discharge currents, low aux/llary

discharge powers, and low plasma resistlvltlesobserved/n

these experhnents are found to be consistent w/th the

itheory. (auth) _.__ i_

AD=298 666 Dlv. 2_, 8

"(TISTEICAM} dIS price ffI.60

Thermo Electron Engineering Corp., Waltham, lass.
ADDITIVE CONVERTER STUDIES.

Quarterly rept. no. 1,
by A. L. Ilyland. Mar 63, 14p. (Rept. no. 20-63)
(Contract AF 33{6_7)10130)

Unclassified report

DESCRIPTORS: _Thermionic converters, _Energy
conversion, "Thermiontc emission, *Thermoelec-
tricity, Design, Diodes (Semlcondu©tor), Elec-
trodes, Electron bombardment, Effectiveness,

Surfaces. Test equipment. O_ygen, Fluorine,

Cesium. Chlorine. Corrosion. Additives. _,_

(TISTE/CAM) OTS price $_.60

Marquardt Corp., Van Nuys, Calif.
INVESTIGATION OF TIlE CUllIIENT DENSITY LIMITATIONS

IN A TIiERWIONIC CoNVEMT£R.
Annual summary rept., 1 War 62-28 Feb 6_.

by Coleman Kaplan. Mar 6), 44P. incl. illus.
24 refs. (Rept. no. 2_081)
(Contract Nonr _73800; Proj. NM099-_66)

Unclassified report

DESCRIPTORS: *Thermionic converters. *Triodes.

_Diodes (Electron tubes). Electron beamS.
Electric potential. Temperature. Electric dis-

charge, Pressure, Field emission, Ions, Space
charges,-Plasma physics. Work functions,
Oscillation, Thermionic emission. Test equip-
ment, Test methods. Electric currents, Cesium.

Oscillations in grid voltage, output voltage end

output current were observed over a wide range of
operating conditions with a cesium-vapor triode.

At higher cesium pressures, the oscillation
period is an increasing function of "he cesium
pressure, which implies that the oscillations
are controlled by scattering of positive ions in
th, interelectrode region. An approximate cal-
culation of the ion accelerating voltage re-

quired to transfer ions from the middle of the
emitter-collector spac_ to the collector in-

dicates a voltage of between 0.5 and 1.0 volt.
Pulsed-discharge experiments were to investi-

gate current-density limiting factors In
a cesium diode operating is the intermediate
temperature range. The experimental technique
consisted of applying s pulsed discharge to the
test cell and observinq the effect upon output

current after the pulse. When the diode oper-
ation was space-c_rge limited, a large increase
in current was observed "after the pulse. Rea-

sonable agreement was obtained between the cur-
re_ density measured after s pulsed discharge
and the saturated electron current density
obtained from the literature. Measuremests of

the time required to establish equilibrium after

the pulsed discharged provided information os
the physics of cesium diode thermlonlc cos-
verters. Calculations were performed. (Author}

4 27984 SOURCES OF POSITIVE IONS FOR SPACE

CHARGE NEUTRALIZATION AT LOW TEMPERATURES.

1t. Ao Laubenstein (Marquardt Corp., Van Nuys, Calif.),

C. Kaplma, S. Schneider, and J. Creedon. Advanced En-

ergy Conversion, 3- 3$1-61(Jan.-Mar. 1963).

Two methods for providing positive ions for spaCe

charge neutralization in thermionic ceils using fossil fuels

burned in air were investigated. These were: the therm-

ionic emission of positive ions from solid compounds or

mixtures of compot nds, and the application of repeated

short pulses of electric power to the converter to ionise

the cesium vzpor in the lnterelectrode space. Ion emission

from the eucryptite analog of alkali metals and from mix-

tures containing alkali metal compounds was studied. Ion

emission current densities of several milliamperes pf_r

cmr were obtained, but the lifetime of the emitter was often

less than anticipated. Space charge neutralization electrons

were demonstrated in a preliminary experiment uslng a

three element structure with the Ion emitter located be-

tween the electron emitter and collector. Pulsed operation

of a thermionic diode was studied using a modified ogre-

mercia/diode to which cesium vapor was introduced at

controlled pressures. During the application of a I0 to 20 v

pulse, a discharge occurs in the cesium; and ions are

formed. After the pulse Is terminated, the Ions formed

neutrallze the space charge and allow a high electron cur-

rent to flow. The experlmental tube has a nickel matrix

emitter and a cesium coated copper collector so that the

relative work functions of the emitter and collector do not

allow useful power output densities to be obtained. How-

ever, an external bias voltage was used to adjust the inter-

electrode potential difference to simulate a thermionic

converter. The diode curre.t after the pulse was term/-

rated was typically stout 300 m amp compared to a steady

star? current before the pulse of about 0.$ m amp. Pre-

llminary results indicate a charge transfer betwee n

emitter =_d collector l_twcen pulses that Is 30 times the

charge transfer during the pulse. Further work to optimize

this ratio and to provide the pulse feedback of a portion of

ithe diode output power is in progress. (RUth) /b_ t(#'_
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DESCRIPTORS: UThermfonic converters. *Electric

power production. Thermioni¢ emission. Cathodes.
Configurations. Effectiveness. Nolybdenum,
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carrelts.

•. /g_g

80,743 SYMPOSIUM ON THERMIONIC POWER

CONVERSION

Advanced Energy Concerslon, v. 3, no. I, pp. 1-40S,

January-March 196,1

The complete papers from Sessions IV, V, VI, and VII of

the Symposium on Tbermionic Power Conversion held in

Colorado Springs, Colorado, May 1962 are presented. The

sessions were: IV--Plasma Physics and Optical Spectra; Vm

Materials; VImSurface Phenomena; and VII--Auxiliary Dis-

charge, Nuclear Generated Ions and Liquid Metal Collectors.

Papers from Sessions I-III appeare.] in Advanced Energy

Conversion, v. 2, no. 3, July-September 1962, and were

cited in the Astrona,tics In/ormation Abs#acts, v. 7, no. 4,

April 196,3, Entry #71,208.

I

" 17586 METHOD OF AND APPARATUS FOR P}tODUC-

ING ELECTR/CAL ENERGY FROM NUCLEAR FUEL.

Joseph Anthony McWilliams (to Boucher and Co. Ltd.).

British Patent 920,198. Max. 6, 1963. Filed July S, 19S8.

A method and apparatus are described for producing

electrical energy from nuclear fuel. The heat energy gen-

erated in a moderated or unmoderated nuclear fuel element

produces electron emission from a surface in thermal

communication with the fuel element. The collector elec-

trode is surrounded by a gas, which undergoes ionization to

facilitate electron transit. (C.E.SJ _ t _.3

"q24044 (NP-12763) HIGH TEMPERATURE THERMO-

ELECTRIC RESEARCH. Fifth Quarterly Progress Report.

January l-March 29. 1963. C. M. Henderson (Monsanto

Research Corp. Dayton Labs., Ohio}. Contract AF

33(657)-7387. 47p.

An experimental model 5-w (nominal) generator com-

pleted 2556 hrs of a sustained performance test at a hot-

end temperature of 1200"C (+25"C,-4"C), cold end at 714"C

(+12"C, -O'C), in a vacuum of 10-4 to 10 -4 mm l!g without

degradation in power producing characteristics. The

power/weight ratio of this generator, exclusive of heat

source, ranged from 2.70 to 2.86 watt/lb. Graphite-ended

segmented modules of n- and p-type thermoelectric mate-

rials to supplement p-t)ve MCC S0. the thermoelectric

material used in the 5-w generator, were fabricated and

partially evaluated. The first such p-n couple produced

250% more power than the p-type MCC-molybdenum cou-

ple used in the 5-w generator. Improved emlsslve coatings

and lightweight Junctions between modules were produced.

These developments suggest that an advanced experimental

50-w generator having a power/weight ratio of I0-20

watt/lb is feasible. (auth) jtJ _ ['_ t_'_

8018 THERMIONIC NUCLEAR REACTOPdJ.
E.P.Gyftopoulos and G.N.Hatsopoulos.

IEEE Trans Commun. Electronics (USA), Vol. 65, 98-108

(March, 1963).
The coupling of nuclear reactors with thermlonlc converters

is reviewed, First. the principles of operation of thermionlc con-
vertors are discussed together with present and antlclpated advance-

ments. Particular emphasis is given to parameters that influence

optimum performance and life of converters; namely, work function
of emitter and collector, spacing between the san_e_ temperatures

of operation, caesium vapour pressure, and materials, The discus-

ston ts Illustrated by a series of experimental results and amplified

by th.eoreticalanalysis. Next, three conceptual deslgns of thermlonlc

nuclear reactors are reviewed and presented as reference points to

establish performance characteristics and materials requirements,

as well as problem areas that result from the marriage of nuclear

reactors and thermionic converters. Chief concluslons are: (I) the

most efficientway of coupllng thermionlc converters with a reactor

is by dispersing the former throughout the volume of the nuclear
core. and (2) thermionlc nuclear reactors have several unique

features for space, submarine propulsion, and applications tn remote
E 'bY>

_. 2580 NUCLEAR TitERMIONIC SPACE POWER SYS-

TEMS. R. C. Howard and N. S. Rasor (Thermo Electron

Engineering Corp.. Waltham. Mass.). 62p. (CONF-286ol)

From l_th Annual IAS Propulsion Meeting. Cleveland.

Mar. 1963.

The various concepts for utilizing thermlonl¢ conversion

in _pace reactor p_ver plants are described and evaluated.

The problems (and progress toward their solution) of the

In-core concept, particularly, are considered. Progress

in thermionic conversion technoloto" is then reviewed from

both the hardware and research points of view. Anticipated

progress In thermionlc conversion and the possible conse-

quences for the performance of electrical propulslun sys-

tems are summarized. 46 references. (D.C.W.) _, ..,
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Radio Corp. of America, Lancaster, Pa,
THE DEVELOPMENT OF A TIIERMIONIC CONVERTER MODULE

SUITABLE FOR LIQUID METAL HEATING.

Quarterly technical rept. no. 5, 15 Dec 62-

I Apt 6_,
by W. B. llsll and J. J. O'Grady. Apr 63. 29p.
Contract AF33 657 8005. ProJ. 8173. Task 817305 9

Unclasaified report

Descrlptorst mThermionlc converters, Heat
transfer. Liquid metalS. The_=al insulation,
Ceramic materials. Auxiliary power plants,

Space flight, Configurations, Effectiveness,
Generators, Heating, Deslgm.

Development continued of thermionlc energy con-
verters for space applications Work continued

on optimization of geometry and ceramic insula-
tion between emitters and the heat source. This

/work will include the development of a therm-

ionic generator module to develop 3.0 V of poteo-
tial from a liquid metal heat source. A con-

verter. Type A-1198B, achieved output power is
excess of 40 w at specified conditions. A three-

converter unit was designed to investigate the
processing assembly procedures and unwanted low

voltage arcs before fabrication Of 3-V generator

begins. (Author) /_ _5

-...... o ......

12588 POTENTIAL AND CONCENTRATION DISTRIBUTIONS IN

A LOW-PRESSURE THERMIONIC ENERGY COI_VERTOR.
A.A.Ostroukhov.

Radiotekhnika I Elek_,,_nika (USSR), VoL 8, No. 4_ 619°11
(April, 1963). In Russian.

Essentially a continuation of the author's article (see Abate.

5165 of 1983). The theoretical expression for the distribution agrees
fairly well with the experimental data; the agreement is not so good
as regards the absolute values of the concentra_/on. D.E.Bro_

Solar therlnlonle generator. 11 dla_s ]Kech
lCm¢ 85:68 A_ "63

/

80,745 TllERMIONIC FLICIIT EXPERIMENT STUDIED

Getler, M.

Missiles and Rockets, v. 12, no. 17, pp. 38, 42--43_

April 29, 1963

The STEPS 1I (Solar Thermionic Electric Power System)

program is discussed. Feasibility studies of solar thermionie

conversion systems for manned space station applications are

considered. Radiation shield mah.ria]s that will improve effl-

ciency and reduce thermal loss are described.

._oI_r cenor_ttor to be used for bps.ce Dower.
il IClec lCng 82:294-5 .A.o '63

A S_-t z/_,,3

32830 CESIUM COMPOUND SEMICONDUCTORS AS

LOW THERMIONIC WORK FUNCTION COLLECTORS IN

THERMION1C ENERGY CONVERTERS. R.A. Chapman,

H. J. Caulfield, and H. W. Hemstreet (Texas Instruments

Inc., Dallas). 18p. (CONF-46-12)

From American Physical Society Meeting, WashLngton,

D. C., Apr. 1963.

The thermionic work function of films of cesium reac-

tion products with antimony, tellurium, and silicon on

nickel and tantalum substrates was studied in the presence

of cesium vapor with reservoir temperatures as high as

110"C. These films ranged in thickness from 300 _ to

10,000 X. Several of the films can be Interpreted as ce°

slum compound semiconductors with doping by excess ce-

stxxm. The thermionic work function was measured by both

emission measurements and diode contact potential differ-

ence techniques with most emphasis of the latter technique.

In the case of the cesium-antimony and cesium-tellurium

films, the minimum work functions were in the range of
1.2 t 0.1 ev. The cesium-silicon film was found to have •

thermlonic work function near 1.7 ev. The effects of chemi-

cal impurities and film thickness were Investigated. {auth_

t

23472 LARGE-SCALE THERMXONIC POWER GENER-

ATION FROM FOSSIL FUELS. C.V. Barnett (Central

Electricity Generating Board, London), D. C. Gore, R. V.

Harrowell, and J. K. Wright. Proc. Inst. Elec. Engrs.,

London), 110: 785-92(Apr. 1963).

A theoretical analysis is made of the use of thermlonlc

diode convertors in electrical power generation from fossil

fuels. It is shown that the beat way to use such a diode is

as a "thermodynamic topper": heat rejected from the

diode stage is used in conjunction with a conventional steam

generator. Various possible diode schemes are discussed:

a diode having a cesinm-on-tungsten cathode operating at

about 1150"{2 shows most promise and should lead to an

Increase In overall _fflclency from about 40_ for the steam

cycle to about 4G% for the combined cycle. (auth) pf_ '{o_

]"casible direct I_eat to POWer. step sought by
el_incers. ,'_teel 152:67 Ao 8 '63
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/39778 ANALYSIS OF TIIE ARC MODE OPERATION

OF TIIE CESIUM VAPOR TIIERMIONIC ENERGY CON-

VERTER. K.G. Iiernqvlst (RCA Labs., Princeton, N. J.).

Prec. IEEE (Inst.Elec. Electron. Engrs.), 51:748-54

(May 1963).

An analysis of the cesium vapor arc discharge Ispre-

sented. It is assumed that the discharge operates in the

ball-of-fire mode, that cumulative ionization via the t,',o

resonance excited states is the predominant ionization

mechanism, and that trapping in the plasma of the reso-

nance radiation results in a long effective lifetime of the

excited states. A volt-ampere characteristic is derived

for the cesium arc and the results are applied to the

thcrmionic energy converter. Good qualitative agree-

meat is obtained between theory and experiment. {auth)

3436S (LADC-5598) CERAMIC MATERIALS FOR

NUCLEAR THERMIONIC CONVERTERS. Robe-t E. Cowan

and Stephen D. Stoddard (Los Alamos ScientificLs. Los

Alamos). [1963]. Contract[W-7405-eng-36]. 21p.

(CONF-50-1)

From American Ceramic Society Meeting, Pittslmrgh,

Apr.-May 1963.

The development and fabrication of ceramic-to-metal

seals for thermlonlc converters which _III operate in the

temperature range of 700 to 1200"C are reported. Two

ceramlc-to-metal seal combinations were developed which

shov promise for specialized applications. For operation

in an oxidizing atmosphere near 700"C, magnesia and nickel

appear to be a good combination. Seals operating near

1200"C, ff an oxidizing atmosphere is not present, may be

composed of niobium and alumina with palladium serving

as the brazing filler. The tungsten metallizing of alumina

which contains yttrla is a process which appears to have

considerable merit. A reaction between the tungsten and

yttria is thought to result in an improved ceramic-metal

bond. (_.W.R.) _ bt_r6

41S39 (ASD-TDR-63-74_) TIlE EFFECT OF EMITTER

WORK-FUNCTIGN PATCItES ON TIlE PERFOIt.MANCE OF

CESIUM TtiERMIONIC CONVERTERS. John W. Gadzuk

(Massachusetts Inst. of Tech.. Car_bri(lgc. Research Lab.

of ElectronicsL May 1963. Contract AF3:Ii616J-7624.
48p.

An experimental program to obtain the current-voltage

characteristics of a m__,tal cesium thcrmionic converter

with a monocrystal mol.v_Menum emitter shelving the (110)

crystallographic f:_'e to cesium vapor i_ described and

the results are presented. It is sho_n that the continuous

linear increase in oulput current _ith decreasing output

voltage or, in other word_, the fac! that the emission curl

rent does not _how a sharp saturation value, ,nay be due

to patches of different work function on the emitter surface.

It Is shown that an exponential B'.fltzmann distribution might

he expected to describe t'he tariation in work function over

the emitter surface. Also, this Boltzmann distribution may

account for the shape of the current-voltage characteristics

obtained from a cesium thermionic converter with a mono-

crystal molybdenum emitter i.n the region of low output

voltage. From the analysis of these characteristics, the

percentage area _ith the t'xponerA!::! distribution is deter-

mined. The area of the exlxmential patch should increase

as the coverage increases. Furthermore, the experimen-

tally determined values of the patch area decrease linearly

with increasing values of the ratio of emitter" temperature
.to cesium reservuir temperature, fr_Jm v, hich it is con-

eluded that tllesc patches may be caused by thermal excita-

tion of the adsorln, d layer on a nonuniform substrate. Jauthl..,

39780 EFFECT OF ANODE EMISSION OF ELECTRONS

ON SPACE-CIlARGE TilEORY OF TilE PLASMA TltERM-

IONIC CONVERTER. Robert G. Mclntyre (Texas Instru-

ments Inc., Dallas). Proc. IEEE (Inst. Elec. Electron.

Engrs.), 51: 760-8(May 1963).

The space-chargc potential theory In low-pressure
thermionlc converters Is extended to cover emission of

electrons at the anode as well as both ion and electron

production at the cathode. The contribution of each of

these three sources to the charge density is expressed as

a function of potential for the ten most important cases.

The first integrations of Poisson's equation are given for

each of the cases. Previous analytical work reporting

first Integrations of Polsson's equation without anode

emission appears as a special case. In addition, In each

of the ten first-order differential equations there appears

a term giving the contribution of anode emission. As be-

fore, analytical solution of the first-order differential

equations is impossible. For illustrative purposes numeri-

cal solutions were obtained on the IBM 704 computer. Com-

parison with previous numerical solutions show the effect

of anode emission on the space-charge potential in the

diode. Also shown in figures is the effect of the variation

qf paramcters for certain selected cases. (auth) h _/A t_ _)

_'9777 EMISSION PHYSICS OF THE THERMIONIC

ENERGY CONVERTER. N.S. Rasor (Thermo Electron

Engineering Corp., Waltham, Mass.). Proc. IEEE (Inst.

Elec. Electron. Engrs.), 51: 733-47(May 1963).

Emission processcs establish the upper limit of the

performance obtainable in the thcrmionic converter. The

basic factors are introduced that must be considered to

achieve this limit and recent developments in the related

technology are outlined. The basic elements of thermal

excitation common to these processes are outlined and the

results are used to illustrate the interdependence of the

atom, electron and ion emission processes. The constraints

imposed by this lntcrdcpeodence imply the existence of a

natural limitation on vaporization lifetime for efficient

operation using elementary emitter matert s. This limita-

tion Is overcome by the use of emitters w an adsorbed

layer of cesium and constraints imposed L..ne interde-

pendence of the emission processes prescribe regions of
efficient operation of these emitters. Consideration of the

basic processes occurring in the adsorbed layer permits

semiquantitative evaluation of the relative merit of differ-

ent materials for use as emitters and collectors. The

effect of nonuniform surfaces is reviewed and work in prog-

ress to understand the nature and origin of the nonuniform-

ities is discussed. Substantial improvement in converter

performance and reproducibility Is possible through the

development of uniform and optimum electrode surfaces,



9523 EXPERIMENTALSTUDY OF THE IGNI'I'KD bIUDE IN

CESIUM THERMIONIC CONVERTERS.
S.KRrilakls and E.N.Carabateas.
IEEE Trans Commun. Electronics (USA), No. 66, 263-6 (May, 1963}.

A variable spacing caesium thermionic convertor of planar

geometry has been tested under different conditions of emitter tem-
perature, caesium pressure, and interelectrode spacing. It has been
found that at low emitter temperaturesof the order d 1 300"C to

1 400°C (degrees centigrade), high-power densities in the range OF

2 to 4 watts/cm 2 can be obtained with a molybdenum emitter. The

performance under these conditions corresponds to an ignited mode
where ions __re intrOduced by • different mechanism than surface . -j
ionization. _ _/_t r(_

12560 PLASMA DIODE PEPJAITTING THEIUViG'.ON_""
CONVERSION.

J.E.Ptcquendar, O.Cahen. E.Dleulesaint and P.Defranould.

Rev. teeh. CFTH (France,, NO. 38, 69-84 (May, 1963). In French.

Describes, from first principles, the de•elopment of a plasma

diode giving an output of 0"6 W under adverse operating conditions.

R.W.J.Cockram

_AD-A07 926 Div. 25. 7

(TISTE/JBM) OTS price _1.6Q

General Electric Co., Schenectady. N. I.
EXPLORATORY ENERGY CONVERSION STUD_ OF PHOTON

THERMIONICS.

Quarterly technle_l progress rept. co. _,

by M. D. Gibbons. May 63, 13p. Rept$ no. R 635

Contract AF3_ 657 9202, ProJ. 8173, Task 817305
18

Unclassified report

Descriptors: ("Thermionic converter, Photons),
Vapors, Photon bombardment, _lectrodes, Tun 0-
sten, Tantalum, Absorption, Wavegulde windows.
Cesium, Sapphires, Seals (Stoppers), Oxides,

Ultraviolet radiation. Mercury lamps, Xenon.
High temperature research, Experimental re-
search, Experimental data, Electric potentials,
Space charges, Flash lamps, Feasibility studies,
Excitation.

Research was continued on a program to determine

the feasibility of enhancing the perforPnnce ot
the cesium vapor thermionic converter by . utah
processes. Two experimental converters deolgeed
Specifically to keep the absorption path to I
minimum were completed. Five radiatlos sources

were tested with the converters. The 0nly radia-
tion source that produced an effect on the con-
verter operation was the xenon flash lamp, be-
cause probably the radiation intensity of thlj

!_mo is an order.of magnitude greater this the
] _ther sources used. Its effect in the Ion rlck

region is to cause s 20-percent increase in the
short-circuit current, while in the electron rick
region at least one order of magnitude changes
have been observed. However, in the latter

egion, the current is still space-charge limited.

Author) 1&-_

'39779 RADIO-FREQUENCY OSCILLATIONS /1_ - "

THERMIONIC DIODES. R.J. Zoilweg and M. Gottlieb

(Westinghouse Research Labs., Pittsburgh). Proc. IEEE

(Inst. Elee. Electron. Engrs.), 51: 754+9(May 1963).
Radio-frequency oscillations are observed in alkali

vapor-filled thermlonic diodes at low vapor pressure. A

review of the experimental phenomena and attempts at

quantitative theoretical understanding is given. Possible

applications are for energy conversion and as a diagnostic
tool. (auth)] /tS/l'$_

In-Pile Diode Experiment for Thermionie Power Generation. p.
D.DUNN. Engineer • 215 n 5597 biay 3 1963 p 831. Nuclear re-

actor provides source for beat required by ther,n.loaic generator;
using refractory carbides, cermets, or oxides, surface tempera-
tures of 2000 C are possible; high reject temperature enables
in-pile thermionJc generator to be used as "therm,vlynamlc topper,
to conventional steam turboalternator plant, or alone where effi-

ciency is of less importance than other factors, e.g., high reject
temperature is suitable for radiation cooling In space satellite

application. From paper before Inatn Elec Engrs, Apt 1963._/-,_j
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Westinghouse Electric Corp., Pittxburgh, Pa.
HEAT pXODE CONVERTEI.

Final rept.. May 61-Dee 62,
by Milton Gottileb, R. J. Zollweg, L. S.
Richardson, A. E. Feln, and J. G. DeSteeaa,
Way 63. Iv. Rept, no. 62 918 2?484
Contract AF33 616 8262. ProJ. 4156, Task _15604
ASD TDR62 1082 Unclassified report

Report on Heat Diode Converter.

Descriptors: (,Thermionic converters, Electri-

cal properties), (*Refractory materials, Ther-
mionlC emission), (*Heat resistant metals &

alloys, Thermionic emission), Plasma physics.
Cesium, Cathodes, Tungsten. Tantalum, Molyb-

denum, Niobium, Rhenium, Iridium. Tantalum
compounds, Carbides, Electric currents, Thermo-
electricity, Electric potential, Design. Vapora,
Experimental data, Theory.

Investigations were made on several aspects of

the Cesium plasma thermionic converter. Data were
taken on the electron emission properties of tung-
sten, tantalum, molybdenum, niobium, rhenium,
iridium and tantalum carbide. Two methods were

used in this study; one was the measurement of
the l-V characteristics of diodes using emitters
of these materials and the other was the direct
measurement of the saturation emission current

density by the plasma-anode technique. It is
possible to make some separation between emission
effects and transport effects by combining results
of those two measurements. (Author) ,1,1

124079 OPTIMIZATION OF A RADIATION-COOLED

TIIERMIONIC CONVERTER. Edwin Blue and John H.

Ingold (General Electric Co.. Pleasanton. Calif.). AIA_q

(Am. Inst. Aeron. Astronaut.) J., l: l155-9(May 1963}.

The electrical power output of a radlatlon-cooled thorn-

ionic converter with a fixed radiator area is maximized

with respect to the anode work function and to the ratio of

cathode area to radiator area. The results show that, at

high cathode temperature, it is important tO cool the anode

at the expense of power-generating area, whereas at low

cathode temperature, the reverse Is true. In addition, the

results show that, at high cathode temperature, the opti-

mum anode work function and temperature are equal to

about 75% of the corresponding cathode work function and

temperature. (math) _ _f_ t _o'_

_39781 SOME CltARACTERISTICS OF A CESIUM

PLASMA CELL. M. Klhara, S. One, Y. Shibata, and

Y. Koike (Tohoku Univ., Sendal). Prec. IEEE (Inst. Elec.

Electron. Engrs.), 51: 769-73(May 1963).

]_lany studies about cesium plasma cells have been re-

ported, but it seemed that there were few in which one

could combine experimental results with theoretical ones

in the sense that these e::perimental studies were carried

out only in an operating region of almost eonst=nt cathode

work function, that Is, considerably high cathode tempera-

tures. Our measurements were done only in the region

tow cathode temperature and low gas pressure in which the

intcrclectrode spacing was less than the mean free path of

electrons, in order to examine these theories. The effi-

ciency agreed well with one of these theories. Opec-circuit

voltage was also observed. (auth) j_ I(#._

/AD-410 984 Div. 25

(TISTP/RLG) 07S price $9.10

RCA Labs. Day., Radio Corp. of America,

Princeton, N.J.
FUNDAMENTAL STUDIES OF THE CESIUM ARC-MODE
THERMIONIC CONVERTER.
Annual technical summary rapt.. 1 May 62-

31 May 63.
by Fred M. Johnson. _1 Way 63t 89p.
Contract Near3826 O0

Unclassified report

Descriptorss (,Thermionic converters. Cesium
electron tubes), Experimental data, Optical

analysis, Impurities. Vapors. Mass spectros-
copy, Additives, Hydrogen, Theory, Electrons,
Temperature, Ionization, Excitation, Molecules,
Tables, Power, _lasma physics, Intensity,
Resonance, Analysis, Operation, Ions, Molecular

spectroscopy. Gases. Energy.

An experimental study was made using optical end

electrical techniques relating to the fundamental

processes associated with the high-pressure
(similar to I/2 - 2 torr), low-voltage cesium
arc thermionic converter. Seven different opti-

cal methods were employed. Impurities present
in the cesium vapor were analyzed by means of •

mass spectrometer and the effects o_ _as additives
were investigated. Hydrogen gas is the most

damaging impurity since it causes an increase in
the electron temperature and participates in

hydrocarbon synthesis. A theory of the arc-mode

operation was developed based on the optical re-
sult,. The predicted IV-curve was in good agree-
ment with the experimental results. The measured

electron temperatures were in the 1750 - 2200 K

range. A discussion of the ionization mechanism

is given: Ionization by cumulativp processes in-
volving excited molecular cesium molecules is
favored from an energy standpoint. (Author)

,AD-407 826 Day. 25
(TISTP/RLG) OTS price $1.60

General Electric Co.. Schenectady, N. Y.
SINGLE-CRYSTAL THEFlMIONIC CONVERTER STUDIES,
by H. F. Webster. May 63, 12p. Scientific rept.
no. 3
Contract AF19 604 8424, ProS. 8659. Task 865902
AFCRL 6) 452

Unclassified report

Descriptorss (eThermlonic converters. Single
crystals), (nThermionic emission. Surface
properties), Tungsten. Anodes (Electrolytic
cells), Cathodes (Electrolytic cell), Construc-
tion, Power. Cesium, Pressure, Crystal struc-
ture, Models (Simulation), Density, Electron

microscopy. Monomolecular films, Atomic
structures.

A thermionic converter is described in which the

|4emitter is made of a single crystal of tungsten
which has been cut to expose 16 square centim-
eters of 110 surface. Details of the cathode
surface preparation, anode construction, and

assembly techniques are presented along with
some operating characteristics from the first
successful run. The output power _as not as
large as expected. A second run following ro-
processin_ demonstrated improved performance
particularly at low cesium pressures, (Author)
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(TISTP/JM) OTS price $3.60

General Atomic Div.. General Dynamics Corp..
San Diego. Calif.
HIGH-TEMPERATURE VAPOR-FILLED THERMIONIC

CONVERTER.
Quarterly technical progress rept. 30 Apr 63.

by W. Godsin and R. Skoff. 17 May 63, 34p.
GA4258
Contract AF33 657 8563, ProJ. 8173, Task 817305 5

Unclassified report

Descriptors: .Thermlonic emission, Electro-
lytic ceils, Gases. Electron beams, Test

methods. High temperature research,

Filament failure and power degradation forced
discontinuation of some of the testing. Post-

operative analysis revealed that the remaining
emitter thermocouple had maintained its calibra-
tion and that vacuum emission currents were at

least equal to thepre-lifetest values •t high
emitter temperature but exceeded the pre-life-
test values at lower emitter temperatures. A

large leak was found in the emitter cavity,
which explained the loss of cesium and the re-

sulting power Cegradation •s well •s the erosion
of the filament and filament holder. Chemical

analysis of the emitter showed • loss of about
75% of the uranium. A structure rish in tantalum
carbide had formed at the tantalum carbide

interface and had penetrated the entire tantalum
substrate. A theoretical study of cell contami-

nation by fission products revealed that the

fate of any one of the many elements may differ
widely from that of others. The noble gases
krypton and xenon presumably will have the least
detrimental" effect in • vented system. The elec-

tronegative fission products tend to combine with
the cesium to some extent. Since the cesium

reservoir will be at the lowest temperature in

the cell, most of the condensates of the fission
products should collect there. The remaining
fission products will condense on the various

componc-_s of the cell. (Author) /_ 3

fAD-406 131 DiD. 7, 8

(TISTE/JBM) OTS price $4.60

General Electric Co., Schenectady, N. Y.
PERFORMANCE CHARACTERISTICS AND EMISSION COOLING
ME,_SUREMENTS I'AKEN ON A CS VAPOR TIIERMIGNIC CON-

VERTER kiTH A THORIUM-TUNGSTEN EMITTER,
by J. M. Houston. May 63. 36p. SR1
Contract AF19 604 8424, ProJ. 8659. Task 865902

AFCRL 63 450 Unclassified report

Descriptorst "Thermionfc converters, *Cesluml
• Power, Resistance (Electrical), Electrodes.

Effectiveness. Stainless steel, Thorium alloys,
Tungsten alloys, High temperature research,

Electrons. Electric potentl•l_ Plasma physics,
Temperature. Filaments, Space charges. Tberm-

ionic emission. Vapor pressure. Life expectancy
Electric currents Si-,-r'-n Seals re, ......

. ---- -".. _,abw q; a ,u,I
U V ,

Meas foment, Test equipment (Electronics_,

Atoms, Ions, Resonance •bsorption, Cooling.

Measurements were made on • cylindric•l, in-
directly heated Cs-vapor thermionic converter
having • stainless steel collector spaced I am
from a 13.3 sq cm Th-N emitter. At on

emitter temperature of 2100 g • power output of
4.4 w/sq cm (at 1.3 v) st • measured over-all

efficiency of 8.5% was observed. At 2200 K, s

power output of 8.8 w/sq cm st 11.9% efficiency
was observed. Measurements of tbe cooling of
the emitter due to electron emission indicate

that in the retarding range of the converter the

emission cooling is Just wh=t simple theory
would predict, the plasma electron temper•tufa
being equal to that of the emitter. For collector-

to-emitter voltages more positive than approxi-
mately -1.3 v. the emission cooling fell far
below that predicted by simple electron emission

from the emitter, indicating that • large amount
of _ower (as much as 20 w/sq cm •t positive col-

lector voltages) was flowing from the plasma
back to the emitter. This anomaly in the emis-

sion cooling is interpreted in terms of resonance

drndiatlon, excited atoms, and ions returning to
the emitter: These originate in • region of high
electron temperature adjacent to the emitter.
(Author)

,

AD-411 276 DiD..25
(TISTM/EJH) OTS price $10.10

Ford Instrument Co., Long Island City, N. Y.
RESEARCH STUDIES IN THE ROLE OF ADDITIVES IN THE
LOW TEMPERATURE CESIUM DIODE,

Final rept..

by M. Silverberg. L. Haring. J. Mclnslly and
M. Bernstein. May 6_. 116p.
Contract AFt9 604 8486. ProJ. 6692. Task 66921

AFCRL 63 607 Unclassified report

Descriptorst (*Diodes, Thermionic emission),
(*Tbumionic emission, Cesium), ('Cesium,

Thermlonic emission), (*Thermioafc converters,
Cesium), Energy conversion, Ionization, Ions,

Gases, Neon, Argon, Mixtures, Surfaces. Adsorp-
tion, Additives.

A system which successfully permits various gases
to be added in controlled amounts to a thermionic
diode was constructed and utilized. The addition

of neon and argon to • low temperature (1200 C)
cesium dicde resulted in improved performance st
cesium bulb temperatures between 20 and 200 C.

A tentative mechanism of cesium ion entrapment is
forwarded as the basis for the enhanced discharge
phenomen•. (Author)

10

39776 TRANSPORT EFFECTS IN CESIUM THERM-

IONIC CONVERTERS. George N. Hatsopoulos (Thermo

Electron Engineering Corp., Waltham, Mass.). Proc.

IEEE (Inst. Elec. Electron. Engrs.). Sl: 725-33(May 1963).

One of the primary reasons for the failure of thermlonic

converters to attain their ultimate theoretical Performance

is electron transport effects occurring In the lntereleetrode

spacing. Two major types of transport effects, electron

scattering and electron spaee charge, are discussed, and

theoretical results are compared with experimental data.

The uniform plasma theory is reviewed, and experimental

data show that for a monocrystal emitter this theory is

consistent with the energy equation. Space charge neutral-

ization is discussed. Both surface ionization and volume

Ionization arc considered. Experimental results Indicate

that surface !on!zation Is not as effect|re ac would be ex-

pected by theory. This fact Is responslbh, for the discrep-

ancy between theoretically expected and experimentally
obtained performance of converters. Under the conditions

where surface ionization is inadequate for space charge

neutralization, volume Ionization can provide the necessary
ions. Volume ionization, however, Is achieved at the ex-

, pense of the output power of the converter. (auth} _._,_



80,746 TIIEILMIONIC CONVERTERS FOR SPACE POWER

Wilson, V. C., llamilton, R. C.

Astronautics and Aerospace Englneednc, v. Ip no. 4_
pp. 62-67, May 1963

Thermionie converters are being developed to operate with

2000°K input and 1000°K rejection temperatures. Converters

are shown schematic.ally and described in detail. Results of

tests on some prototypes show that thermionie converters are

ready for serious consideration for space vehicles.

AD-4O_I 935 Dlv. 7, 20

(TISTE/OlID) OTS price 14.60

Martin-Marietta Corp., Baltimore, Md.

NUCLEAR FUEL (OXIDE) CLAD TItERMIONIC CONVERTERS.

Quarterly technical progress rept. no. 2, 1 fib-
30 Apr 6).

15 May 63, )_p. 2945 2

Contract AF)3 6_7 10077. ProS. 817), Talk
81730_ 20

Unclassified report

Descriptors: UThermlonle converters. Tbers-

ionic emission. Dlodes. Uranium compounds,
Molybdenum, Metal coatings, Reactor fuels,

Reactor cores. Reactor fuel cladding, Thermal
conductivity. Resistance (Electri_al_. Otox- "

ides, Nucleer power pleats,

remaining converter components is virtually colt--
plete. Fabrication of the fuel pellets tO be

subjected to the thermal endurance test was com-

pleted and a pro-test examination performed. The
vacuum emission test using s fuel pellet similar

to the fueled emitters was conducted. (Author)

AD-410 495 Div. 25

(TISTP/RLG) OTS price |8.60
The engineering design of the double-diode thers-

ionic converter was modified to Incorporate •
revised intermodule lead configuration. This new

lead design promises to reduce the extent of back

emission observed in the operation of double-
diode devices, Manufacturing of the fueled-emit-

ter components was completed. Fabrication of the
• Quarterly technical progress rept. no. 5, 15 Feb-

1_ May 63.
by D. L. Dresser. J. D, Dunlop, and |. T.
Schneider. June 63, 56p. Rept. no. EDRJ3?O
Contract AF3_ 616 8299. ProS. 8173, Task 81730_

Unclassified report

Space elcetrJe8,] Dower: thermlonJc converters
for sD,_ce Dower. V. C. XVilson and FL C.
Hamilton. bibliog il dings Astronautics &
Aerospace Eng 1:62-7 My '63

,(,:5

Allison. Dlv.o General Motors Corp.. Indianapolis.
Ind.
INVESTIGATION OF THE MONOCAPILLARY THERMIONIC
EMITTER AS A DUAL SOURCE OF IONS AND ELECTRONS.

Bescr!;tnrss 4_Thermionlc converters. Opera-
tion). (*Thermionic emission. Experimental

data), High-temperature research. Electric
potential. Electric currents. Oscillation.
Ionic current. Measurement, Spectroscopy. High

frequency, Temperature, Cesium, Evaporation.
Line spectrum. Tests, Analysis. Power. Impur-
ities. Plasma physics. Electrons, Electron
density, Ions, Photoelectric effect, Tables,

photographs. Cathodes.

Experimental data is reported on a multicapillary
converter. Converter G, which operated for over
300 hours. Several types of data were obtained
including: 41) current-voltage characteristics

far the temperature range from 1800 to 2100 M|
(2) high frequency ose.'.llations; 43) ion current

measurements; and 4/.) spectroscopic data. It is
shown that the data in the temperature range from
1800 to 2100 X agrees with the random current

model of the capillary emitter. For operation st
2000 and 2100 IC the data indicates several com-

petitive advantages over conventional converters,

including wider electrode spacings, higher con-
verter voltage, and lower cesium bath temperature
The HF oscillation data shows that the peak cur-

rent-voltage points form an arc mode character-
istic. The ion currents at high collector

temperature appear to be due to cesium atoms
evaporating from the collector and impinging on
the emitter surface. Spectrographic data indi-

cate elevated electron temperatures in the arc
mode. W_en HF oscillations are present in the
passive mode. the line intensities of lower en-

ergy excited states are t_crensed. 4Author)
'_3
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•26101 EVALUATION OF ISOTOPE TIIERMIONIC

GENERATORS. Robert J. Harvey (Thermo Electron Engi-

neering Corp., Waltham, Mass.), Thomas C. Roblnsoa,

Joseph J. Fitzgerald, and Gordan Br_wnell. Trans. _m.

Nucl. Soc., 6: 88-91(June 1963). _ '(_

* 26|02 THE DEVELOPMENT OF A NUCLEAR-FUELED

THERMIONIC-ENE_GY CONVERTER. F.G. Block, G. Y.

Eastman, and W. E. Harbaugh (Radio Corp. of America,

Lancaster, Penna.). Trans. Am. Nucl. So<:.,6: 91-2(Jump

' 36533 PERFORMANCE OF LOW TEMPERATURE

THERMIONIC CONVERTERS. Michael Silverberg and

Lewis Harlng (Ford Instrument Co., Long Island City,

N.Y.). New York, American Inst.of Aeronautlcj and

Astronautics, 1963. Preprint 63-159, 5p, $I.00. (CONF-

97-11)

From Summer Meeting, I.o8 Angeles, June 1963.

The low-temperature thermlonlc converter described

employs an impregnated tungsten dispenser emitter, a low-

voltage arc for space charge neutralization, emitter

collector spacing of about 0.2" and a cesium reservoir

temperature of about 200"C. A llfetest Is continuing

after almost 6,000 hr of operation. About $ watts/cm t are

being produced at a true temperatur_ of 17.50°C. (A_.)./_T,

_26|04 A I-MW(e) THERbHONIC REACTOR CONCEP-

TUAL DESIGN. C.W. Savery, W. B. Wright, and D. L.

Bosseau (General Atomic Day., General Dynamics Corp.,

San Diego, Calif.). Trans. Am. Nuel. Soc., 6: 93{June

_.26103 TEST OF A PROTOTYPE NUCLEAR-FUELED

THERMIONIC CONVERTER. W. ,L. Orr, R. M. Ball, and

_a J. Worsham, Jr. (Babcock & Wilcox Co., Lynchburg,

.). Trans. Am. NucL Sot., 6: 92-3(June 1963). ffSl_ f_

"34540 (NP-13058) ADVANCED SOLAR THERMIONIC

GENERATORS. Quarterly Tecbnlcal Progress Report

No. 3, April-May 1963. R.R. Herrlck, R. C. Keyser, and

L. L. Dutram (General Electric Co. l_[issileand Spaco

Div., Valley Forge Space Technology Center, King of Prim-

sin, Penna.). June 1963. Contract AF33(657)-8947. 44p,

Fabrication of development converters, both B _ C

series, is outlined, noting Lhe significant problem areas.

Results of testing of the B series have given performance

_p to 9.6 watts/cm 2 at 1950°K and 3.0 watts/cm 2 at 1550"K. '

Convertcr C-3 has completed a 510 hour lifetest,including

210 hours of thermal cycling. (auth) t4_ _

(251(33 METHODS OF AND APPARATUS FOR GEI_-

ERATING ELECTRICAL ENERGY. Agust Valfells. Brit-

ish Patent 927,770. June 6, 1963. Priority date Apr. 3,

1961, United Staten.

A device for converling nuclear energy into electrical

involves passing a gas composed of a fissionable isotope

and an easily ionizable substance through a fissionchamber

Fission of the isotope heats and ionizes the gas, which ex-

pands and streams across a magnetic field. The current

induced in the gas can then be drawn off by electrodes in

the gas stream or in the magnetohydrodynamic generator.
(v.c,w.) ¢, 5_ _{_3

Vacuum Thermlonlo Eneri_y Converter. J.E.BEGGS, Advanced

Energy Conversion v 3 n 2 Apt-June 1963 p 447-53. Converter is

operated by applying heat to external surlace o! one electrode;
interior suriace of this hot electrode operates in vacuum and is
coated so that tt is capable of emitting copious n--,n.bersof elec-

trons; other electrode has "coatingon its interior, surface thatcan

provide low anode work function so as to increase energy available
to external load; at emitter temperature of1100C, output of I w/sq

cm and efficiency of 4.5% were attained;In practical applications,

heating can be accomplished by use of chemical fuel,solarL_--/'radis"
tion,or nuclear energy.

221



/ 36372 (AD-410495) INVESTIGATION OF TilE MONO-

CAPILLARY THERMIONIC EMITTER AS A DUAL SOURCE

OF IONS AND ELECTRONS. Fifth Quarterly Technical

Progress Report for the Period February 15-May 15,

1963. D. L. Dresser, J. D. Dunlop, and R. T. Schneider

(General Motors Corp. Allison Die., Indianapolis).

June 15, 1963. Contract AF33(616)-_299. 94p. (£DR-
3390)

Experimental data are reported on a multicaptllary con-

verter, Converter G, which operated for over 300 hours.

Several types of data were obtained including: current-

voltage characteristics for the temperature range from

1800 to 2100"K, hlgh-frequency oscillations, ion current

measurements, and spectroscopic data. It is shown that the

data in the temperature range from 1800 to 2100"K agree

with the random current model of the capillary emitter.

For operation at 2000 and 2100°K the data indicate several

competitive advantages over conventional converters, in-

eluding wider electrode spacings, higher converter voltage,

"and lower cesium bath temperature. The high freqcency

oscillation data show that the peak current-voltage polnt8

form an arc mode characteristic. The ion currents st high

collector temperature appear to be due to cesium stoma

evaporating from the collector and impinging on theemit-

ter surface. Spectrographic data indicate elevated elec-

tron temperatures in the arc mode. When high frequency

oscillations arc present in the passi,,e mode, the line in-

tensities of lower energy excited states are increased.
{_uth) A,$,4 % ?_

/34654 GENERALIZED THEORETICAL STUDYOF

VAPOR" _ILLED TIIERMIONIC CONVERTERS. John

Psarouthakis (Martin Marietta Corp., Baltimore). New

York. American Inst. of Aeronautics and AstrOnaUtics,

1963, PreprJnt 63-157. lap, $1.00. (CONF-97-22)

From Summer Meeting, Los Angeles, June 1963.

A generalized theoretical model is proposed and csed

to derive a number o: analytical expressions that predict

the performance characteristics of vapor filled thermionlc

converters over a wide range of conditions. The analysi8

is made with primary consideration to: the coexistence of

neg._tive and positive sheaths at the emitter surface; l_lu-

ence of surface and collision ionizations; spacing d the

converter; the variation of the electron temperature; the

variation of the potential at _tch the ionization by collision

becomes significant; patchy surfaces; and the energy bal-

ance. Comparison of the results of this theory is made with

available experimental data on molybdenum and rhenium,

which indicate an excellent agreement. (auth) A/_ t_3

_328_t6 PROTOTYPE NUCLEAR-FUELED THERM-

IONIC CONVERTER TEST. W. L. err, R. M. Ball, and

H. J. Worsham, Jr. (Babcock and Wilcox Co., Lynchburg,

Vs.). 16p. (CONF-39-13)

From American Nuclear Society Meeting, Salt Lake City,
June 1965.

Results are reported of heat-transfer experiments and

of a 300-hr in-pile test of a 150-watt thermionic converter

using fission heat. In the In-pile test,the electrical output

began to reduce slightly after 250 hr and became zero after

_00hr. (V.L.C.) ,:_ _ 'b

tAD-414 505 Die. 7. 25
(TISTE/JBM) OTS price $1.60

Foreign Tech. Div.. Air Force Systems Command.

Nright-Patterson Air Force Base, Ohio.
EFFECT OF A MAGNETIC FIELD ON PHENOMENA IN A

DIODE WITH GESIUM VAPORS.
by N. D. Morgulis end Yu. I. Chutov. 19 June 6J,
16p.

FTD TT6J _1/1+2 Unclassified report

Trsns fr_: Ukrslnien periodical, Ukreina'kiy
Fizi haiy Zhurnal, 7:9, pp. 1003-1012, 1962.

Descriptors: (_Thermionic converters. Magnetic

fields). (ugagnetfc fields, Thermeonic con-
verters), Thermoelectricity, Diodes, Cessium,

Vapors. Electron beams, Electrodes, Electric
fields.

The effect of u magnetic f!_ld on an electron
short circuit stream and on the characteristics

of the entire stream was investiguted in 8 de-
celerating electric field in t diode with cealam

Vapors as s close model of 8 thermoelectrou
energy transformer| and interpretation is given

on the obtsined.expreimental results. (Author)

'35230 AN EVALUATION OF THE IN-RADIATOR

APPROACH TO NUCLEAR-THERMIONIC SPACE POWER

SYSTEMS. Donald W. Bell and Arthur I. Chalfant (United

Aircraft Corp. Research Labs., East Hartford, Conn.).

New York, American Inst. of Aeronautics and Astronautics,

1963, Preprint 63-219, 19p., $1.00. (CONF°97-1"/)

From Summer Me_ting, Los Angeles, June {963.

The approach of mounting thermionic converters In the

radiator of a nuclear-thermionic space power system was

explored by evaluating the effects of several system and

thermionic converter design variables on the specific

weight of tubular thermlonic converters and their surround-

Lug beryllium meteoroid armor and radiation fins. Over-
all radiator arrangement p.oblema were also investigated.

(auth) r, _ '(0

3453S (CONF-78-4) STABILITY OF A THERMIONIC

ENERGY CONVERSION DIODE USING A LIQUID METAL

ELECTRON COLLECTOR. A.J. Ulrich (Argonne National

Lab.,Ill.). [1963]. Contract W-31-109-eng-38. 9p.

From American Physical Society 1963 Summer Meeting,
Buffalo, June 1963.

An investigation was conducted on the thermal conditions

for the formation of a stable or unstable film boiling sheath

between the electron emitter and the liquid metal pool. A

diode geometry with the emitter introduced Into the pool

from above was used. Results are presented in the forn_ of

collector temperature-saturation temperature graphs for

potassium at emitter temperatures of 2025, 2240, and

2440"K. The region of stable operation and the maximum

submersion both increase with temperature. (D..L.=C.), --_



34530 (ASD--TDR-63-707) EXPLORATORY ENERGY

CONVEItSION STUDY OF PIiOTON T[IEItMIONICS. M.D.

Gibbon• {General Electric Co. Power Tube Dept., Scheo

nectady, N.Y.). June 1963. Contract AF33(657)-9202.

40p.
This study was Initiated to determine whether photon

processes could increase thermionlc converter perform-

ance. A converter designed specifically for program use

was fabricated with a wire grid collector placed in groove•

of a •apphlre window and located opposite a planar emitter,

then teated with five different radiation source•, each with

a particular spectral characteristic. Only the 200 watt-see

xenon flash lamp produced an effect on converter opera-

tion. This lamp produced a 20_ increase in short circuit

current with the converter operating in the 5on-rlch region,

and at least an order of magnitude change In short circuit

current in the electron-rich region. In this latter region,

the current was still somewhat space charge limited even

with radiation. A third of the observed effect was due to

0.8 watt cm "4 of the first resonance radiation, while a

fourth of the observed effect was due to one watt cm -! of

near ultraviolet. Photon-enhanced converters appear pos-

sible, but It must be demonstrated whether the increase In

i performance will be offset by the complexity of such a con-verter. (auth) Iv- _ r_

_'_506] ION ACOUSTIC OSCILLATIONS IN PLASMA

THERMIONIC ENERGY CONVERTERS. Jay S. Chivian

(Texas Instruments Inc.,Dallas}. 29p. (CONF-78-9)

From American Physical Society 1963 Summer Meeting,

Buffalo. June 1963.

It l• shown that the oscillations in low-pressure-plasma

thermtonic energy converters are ion acoustic oscillations

that may be explained on the basis of an electron beam-

plasma interaction. A low-energy beam is formed by tim

accelention of electrons through an ion sheath at the

emitting surface. The ion acoustic oscillations are ob-

served when the ordered beam velocity is greater than the

phase velocity of the wave and less than the plasma elec-

tron thermal velocity. Their frequency is given by f =

A't(yekTc/mt) 4 where the emitter to collector spacing is

a multiple of the half wavelength. Langmuir probes indi-

cate high effective electron temperatures, and agreement

between calculated and measured frequency is Rood if •

value of Ye ffi 3 I• used. (auth) _v' _/") ' (¢ _'
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(TISTP/NH) OTS price |2.60

Thermo Electron Engineering Corp., Waltham, lass.
ADDITIVE CONVERTER STUDIES.

"Quarterly rept..
by A. L. Hylsnd. June 63, 19p. 36 63
Contract AF33 6S7 10130. ProJ. 8173.
Tusk 81730_ 28

Unclassified report

Descriptors: *Thermionie converters. *Diodes
• (Electron tubes}, Cesium compounds. Fluorides.

Chlorides. Oxygen co_pounds. Rhenium.
Additives.

An account of the cesium characteristics of the

experimental converter is given and the correla-
tion to other rhenium emitter diodes ts

discussed. (Author) i_ 3

?
AD-411 279 Oiv. 7. 8. 25
(TISTP/WH) OTS price $2.60 '

Atomicn International. Cannon Park. Calif.

CLAD CARBIDE NUCLEAR FUEL. THERMIONIC POWER.
MODULES.

Quarterly progress rept. no. 1, 15 Mar-15 June 6_.
June 63, 21p. Rept. no. A18672
Contract AF33 657 10876, ProJ. 8173. Task 81730_
2_

Unclassified report

Descrlptors: (UThermlonic converters. Mater-
ials). Thermionic emission. Electrodes, Car-

bides. Oxides. Cesium. Vapors. Uranium com-
pounds. Beryllium. Rhenium, Nuclear reactor.
Simulation, Energy conversion.

The general objective Is to evaluate a clad
carbide emitter, thermfonic power module which

simulates nuclear reactor installation, design.
and performance. The module in an assembly of
tw_ series-connected converters with a single

common cesium reservoir. The program goal is 500
hours cumulative operation at • power density of
7 watts/square sm and an efficiency of 12%. This
report describes progress made during the first
program _uarter, including: (1) Design finaliza-

tion| (2) Component and fueled emitter design and
fabrication; (3) BeO-CS compatibility| and (4)
Operation of • UC-Re planar electrode converter

for the most successful high performance test
ever achieved with a converter containing nuclear
fuel, either inpfle or out-of-pile. (Author)

Influence _ Ion reflect!on probability on Po-
tential olstr_nulion In ,ow-pressure ther-
• ,ionic converter._. P. 3iazur. dia,g J AD
Ph)'s 34:1611-14 Je '63

AU-409 570 Day. 7. 20. 8
(TISTE/CAR) OTS price _4.60

AeroJet-General Nucleonics. San Ramom. Calif.
FEASIBILII¥ DETERMINATION OF A NUCLEAR THERMIONIC
SPACE POWER PLANT.

Quarterly technical progress rept., 1 Feb-
30 Apr 6_.
June 63_ 26p. Rept. AN 97_

Contract AF33 657 8977. ProJ. 8173. Task 817305 10

Unclassified report

Descriptors: (_Nuclear power plants, Thermlonic
emission). (WThermionlc emission, Thermlonlo
converters), (*ThermlonJc converters, Electric
power production), (eElectrlc power production,

Spacecraft). Liquid metal. Heat exchangers,

Heat transfer. Temperature, Thermal Insulatlo•.
Cesium, Molybdenum. Feasibility, Meteors,

Armor plate.

Effort was continued to develop • nuclear tber-
mionic space _ower plant. Technical work wan
divided into the following three tssksl (2)

liquid metal tubing - converter bond; (3) thermal
transport analysls; and (4) series unit loop test.
Attention was directed to degradation of converter
performance resulting from series operation, the
effect of emitter temperature variatlo• on cos-
carter performance, and calculation of micro-

meteoroid armor r_quSrements. (Author) ,'_t
P



80,744 VACUUM TliERMiONIC ENERGY CONVERTER

Beggs, J. E.

Advanced Energy Conversion, v. 3, no. 2, pp. 447-453,
.A-pr;J-June 1963

The design and construction of a small vacuum thcrmionic

converter that can generate a watt or more of electric power
are briefly described.

]_:rr¢" ccneration of electricity. F_ngJneer
215:103 Je 7 '63

A0-414 502 DIv. 7,'2y

(TISTE/SBI) OTS price $3.60

At0mics International, Canoga Park o Calif.
UNIFORM WORK FUNCTION CATHODE STUDIES FOR
THERMIONIC CONVERTERS.

Quarterly progress rapt. no. 4, 12 Apr-
12 June 63,

by M. N. Huberman. July 63, 31p. AI8829
Contract AF33 657 8726

Unclassified report

Descriptors! (_Cathodes, Thermionic convert-
ers), (*Thermionic converters, Cathodes).

Nork functions, Electron microscopes, Vapor
plating, Processing, Molybdenum, Thermionlc

emission, Electron bombardment, Single
crystals.

Efforts were continued on s study program to
improve the efficiency of thermionic converters

which have nonplsnar geometries. Specifically.
the investigation concerns the production of non-
planar cathodes having more uniform work func-
tions and surface charactgristics than are

obtained with standard _a_ode fabrication tech-

niques. A thermlonio emission electron micro-

scope for observing work function uniformity was
constructed. Arc cast. single cryst-l, and vapor
deposited molybdenum cathodes were examined with

the microscope. Active spots due to electro-
polishing were observed on the (110) face of the
single crystal. A vapor deposited cathode was
found to have areas of uniform work function.

A brief summary is given of the over-all course
of the first year of the program and its most

significant'achievements. (Author)

"34538 (NP-13037) VAPOR-FILLED THERMIONIC

CONVERTERS. Quarterly Report No. 3, April I. 1963 to

June 30, 1963. K.G. Hernqvist, J. R. Fendley, J. D.

Levine. and F. X. Pa!acios (David Sarnoff Research Center,
Princeton, N.J.). July 20, 1963. Contract NAS 3-2531.
8p.

Studies of hydrogen evolution in operating thermionlo t

converters are described. It was found that hydrogen
evolves from the cesium liquid used In the converters a_l

that 'J the hydrogen is not removed the evolution rate is

high enough to adversely affect the performance of tho

converter. A mechanism of hydrogen removal from con-

verters having hot nickel anodes is proposed. Apparatu8

for xenon gas-dosing experiments is described. A pro-

gram of fundamental adsorption physics Is outlined. It is

planned to extend the theoretical analysis of metalllo

/_dsorbates on metallic subst=ates to a system of two gases

and to a system of metallic adsorbs,as on Insulators. (auth) _
• _A 'b_

•36300 (NP-13070) RESEARCH PROGRAM RELATED

TO VAPOR THERMIONIC CONVERTERS FOR NUCLEAR

APPLICATION. Quarterly Progress Report, March 27-

June 27, 1963. A.O. Jensen (Electro-Optical Systems,

Inc.. Pasadena. Calif.). July 30, 1963. Contract NAS
3-2529. 67p. (EOS-3410-Q-3)

The effects of long time at temperature on the surface

crystal structure of polycrystallJne molybdenum sub-

otrates and how these changes In surface crystal structure
relate to the performance of cesiated molybdenum emit-

tern for use In cesium vapor thermionlc converters for

nuclear application are Investigated. Vapor deposited

tungsten coatings are being fabricated for copper and

molybdenum. Calibration and stability data are presented

for W/5_ Re-W/26_ Re thermocouples at 1OO0 to 1515"C.

(S.W.R.) _ c_, (o_

UNCLASSIFIED

115180 EXPERIMENTAL INVESTIGATION OF CHEMICAL REGENERATION OF
115181 SURFACES IN SIMULATED THERHIONIC DIODES

Butze, Helmut F. & Smith, Arthur L.
July 1963 Unclassified

National Aeronautics b
Space Administration
Lewis Research Center

NASA TN D-1877

An experimental investigation of chemical regeneration
in a simulated thermiontc diode indicated that sublimed emitter

material can be removed from the collector by means of transport
reactions using chlorine as the reactlng gas. Back-transport

reactions were observed at emitter temperatures ranging from 4
2170 ° to 2550_K at chlorine partial pressures as low as 4 x lO-
torr. The results were consistent with those of an analytical
study previously reported tot free-molecule flow.



AD-415798 Oiv. ?
(TISTM/AW)OTSprice $1.22

General Electric Co., Schenectady, N. Y.

EXPLORATORY ENERGY CONVERSION STUDY OF PROTON
TIIERMTONICS.

Final rept..
by M, D. Gibbons. July 6_. 42p.

Contract AF33 657 9202, ProS. 8173, Task
817305 18

ASO TDR63 707 Unclassified report

Descriptors: (.Thermionie converters. Photons);

(*Photons, Thermioni¢ converters). Energy cos-
version. Design. Theory. Emissivity. Cesium.

Vapor. Ionization, Equations. Test equipment.
Test method. Ultraviolet radiation. Spectra
(visible & ultraviolet). Mercury lamps, Xenon
lamps. Data.

This study was initiated to determine whether
photon processes could increase thermloni¢ con-

verter performance. A converter designed specif-
ically for use on this program was fabricated
with a wire grid collector placed in grooves of

a sapphire window and located opposite s planar
emitter. This converter was tested with five

different radiation sources, each wlth a partic-
ular spectral characteristic. The only source
that produced an effect on the converter opera-
tion was a 200-watt-second xenon flash lamp. This
lamp produced a 20% increase in the short circuit

current with the converter operating in the ion-
rich region, and at least an order of magnitude
change in short circuit current in the electron-
rich region. In this latter region, the current

was still somewhat space charge limited even with
the radiation. One-third of the observed effect

was due to 0.8 watt ¢m to minus 2 power of the
first resonance radiation, while one-quarter of
the observed effect was due to one watt cm to

minus 2 power of near ultra-vlolet. It appears
that photon enhanced converters are possiblo.
but it remains to be demonstrated whether the

increase in performance will be offset b I the
complexity of such a converter. (Author)

34369
(RBEsO-3404-3) CERAMIC TO METAL SEALS

FOR HIGH-TEMPERATURE THERMIONIC CONVERTERS.

Quarterly Technical Report No. 3. (Bendix Corp. Red

Bank Div., Eatontown, N.J.). July 15, 1963. Contract AF

33(657)-10038. 46p. (AD-410101)

The objective of this program is to develop seals which

are capable of long life at 1500"C in cesium and vacuum

environments, and to extend the sealing techniques devel-

oped to materials which are capable of long life at temper-

aturea in excess of 2000"C. Work completed has enabled

fabrication of alumina--m.olybdenum struc_u-ea which ca..

resist a 1500"C environment. Ceramic-refractory metal

systems were Identified which are stable and usable up to

2000"C. Preliminary experiments to determine means of

bonding these materials for use at 2000"C were successful

Elimination of materials which are unstable when in ths

presence of cesium minimizes possible corrosion effects.

ReCommendations are made for limitation of the develop-

ment activities tc the most promising Joint systems. (anti0

'_ _ . •

AD-410 257 Oiv. 7. 8. 20

(TISTE/OHD) OTS price $2.60

UnionCarbide Corp.. Parma, Ohio.
KRYPTON FILLED THERMIONIC CONVERTER.

Quarterly technical progress rept. no. 2. 1Apr-
30 June 63.
by R. Forman. July 63. 19p.
Contract AF33 657 10131, ProS. 8173, Task 817305

Unclassified report

Descriptors= (mThermionic converters, Diodes).

(eNuclear power plants, Diodes), Argon.
Krypton. Separation. Pressure. Electric power
production.

Research work on irradiated inert gas thermlonic
diodes is presented. Tubes containing both argon
and krypton gases have been tested in the radia-

tion field of a 5 megawatt swimming pool type re-
actor. The pressure of the gas was varied in
order to determine optimum conditions for opera-
tion. The results of these measurements are

described and evaluated. Differences hove also
been observed on irradiated diodes having the

8 same gas and pressure but different cathode-

anode _paclngs. The differences, in contradis-
tinction to cesium diodes, show that small

cathode-anode spacing is not particularly advan-

tageous. A proof in principle experiment is also
described showing how an inert gas filled irra-
diated thermionic diode can be used as an a.e.

thermlontc generator. (Author)

35222 (PWA-2240) ADVANCED NUCLEAR ELECTRIC

POWER GENERATOR SYSTEM STUDY. THERMIONIC

NUCLEAR SPACE POWER-PLANT. Parametric Studies

Report. (Pratt and Whitney Aircraft Div., United Aircraft

Corp., Hartford, Conn.). July 30, 1963. Contract NASw-

360. 125p.

A l-Mw thermionlc nuclear space power plant was studied

parametrically to indicate promising designs and potential
problem areas. The power system was studied for a mis-

sion of 16300 hr. The evaporation rate of the nuclear fuel

in space was selected as a measurable design criterion, and

a system minimum weight was found at a particular cathode

temperature for each evaporation rate. Minimum speciflo
weights of 14 and 12.4 were obtained for temperaturen of

3200 and 3500"F and for evaporation rates of 0.002 and 0.02¢

ln./yr. Two reactor coolant fluids and radiator heat trans-

fer fluids (Li and Na-K alloy) were studied, as well am two

radiator materials (Be and Nb). The use of Ll In both the

primary and secondary loops produced the lightens power

plant. Use of Na- K in both loops gave a weight penalty ¢g

3 to 4 pounds/kw. With LI the primary loop and Na-K In

the radiator system, the weight penalty was approximately

half. A monolithic Nb radiator seems promising. Paramet-

ric data for major system components are Included. (auth}_



14225THETHERMIONICCATHODEANDTHEMAGNETRON

EFFECT. J.Bllaux. J.P.Durand and R.M_rard.
Onde elect. (France), Vol. 43, 763-73 (July, 1963). In French.

Considering the thermionic diode for direct conversion of heat

to electricity, the electrical power obtainable Is proportional to the
cathode current. The magnetic induction associated with this current,

however, gives rise to a parasitic phenomenon called the "magnetron
effect", which may reduce the current to a few percent of its
expected value. An attempt is accordingly made to discover a

cathode shape whose total efficiency is acceptably high In the
presence of the parasitic effect, and truncated cone, cylindrical,

disk and spherical cathodes are examined. D.J.BRfley.

AD-_11 342 Die. 7. 25

(TISTE/JBM) OTS price |4.60

Radio Corp. of America. Lancaster, Pa,
THE DEVELOPMENT OF A THERMIONIC CONVERT£R MODULE
SUITABLE FOR LIQUID METAL HEATING.

Quarterly technical rept. no. 6, 1 Apt-15 June 63,

by W. B. Hall sad J. J. O'Grady. July 63, 38p.
Contract AF33 657 8005, ProJ. 8173, Task 817305 9

Unclassifie6 report

Descriptorst (aThermionic converters, Modu_es
(Electronics)), (aModules (Electro,des), Ther-
mionic converters), Spaceborne, Liquid metals,

Heatino. Thermal stresses. Pipes. Niobium al-

loys, Electrodes. Molybdenum. Tests, Processing.
Aluminntes, Cesium, Generators, Life expect-
ancy, Electric poteAtlal. Sapphires. Electrle
insulation, Manufacturing methods.

An overall program to improve the performance and
increase the reliability of thermionic energy
converters for space applications Is described.
The immediate objective is the development of •

converter design that can be used In series tO
form a thermionic generator module capable of

producing a threevolt output when heated by liquid
metal. The basic design has produced In excess of

40 watts at approximately 0.2 volt when elec-
trically heated under specified conditions. A
number of alternative arrangements of the emitter-
heat source tubing _ere evaluated. In each case
difficulties were experienced with the use of the

columbium alloy. Tests have confirmed that the

alumina-sprayed emitter leads and the sapphire
insulation are compatible with cesium. Tests to

define the performance limitations and llfe of
the converter are continuing. (Author)

"37747 EFFECT OF DAUTHTER Rbss ON THE

CHARACTERISTICS OF A THERMIONIC DIODE CON-

TAINING Kr _. R. Forman and J. A. Ghormley (Union

Carbide Corp.. Parma. Ohio). J. AppL Phys.. 34:2498-9

(Aug. 1963).
It was found that the current-voltage characteristic

curve of thermionic diodes shifted with time to_ard more

negative anode voltages. The constancy of the cathode

emission suggested that the effects were to be attributed

to a lowering of the anode work function by deposition of

Rb _, the decay product of the Kr t$ contained ia thclMTMdiode't_j)
(R.E.U.)

34531 (ASD-TDR-63-723) EXPLORATORY STATIC "

ENERGY CONVERSION-MUI.TI1.AYER THERMIONICS.

Final Report. P.R. Emtage and W. J. van dcr Grlnten

(General Electric Co. Electronics Lab., Syracuse, N. Y.)

Aug. 1963. Contract AF33(657)-9204. 101p.

A static heat-to-electrlclty conversion principle was

studied and is described. The principle involves an at-

tempt to duplicate the performance of a vacuum tu_

thermionic converter, in the solid state and at a lower

temperature. The basic arrangement is a multiple thin

film structure, consisting of alternate layers of semi-

conductors and metals, arranged perpendicular to the

direction of heat flow. Transverse and longitudinal See-

beck voltage measurements were made on mono- and

multilayers of germanium films. Depending on the else°

trade material used. transverse p-type Seebeck voltages

as high as 30 Vv across 4000 _ of sputtered germanium

were observed, using a heat pulse type technique. Ther-

moelectric anisotropies are very pronounced. Tempera-

ture dependencies in the vicinity of room temperature were

found to be relatively small. Theoretical considerations

suggest that the basic mean free path limitations that apply

to charge carriers in a given semiconductor or It_sulator

control the conversion efficiency of solid state thermionics

to the same extent as they do in conventional th_rmoelec°

tries. No basic superiority can be attributed to either

process. The experimental program is not sufficiently

well developed yet to verify any of the theoretical criteria.

(auth) /_j r> a ' _

"3645$ {TRW-ER-5464) HIGH TEMPERATURE SOLAR

TiiERMIONIC GENERATORS. First Quarterly Technical

Progress Report, April 15, 1963-July 31, 1963. (TAPCO.

Die. of Thompson Rang Wooldridge Inc., Cleveland}.

Aug. 15, 1963. Contract AF33(657)-11169. 50p.

Progress is reported on work accomplished on applied

research initiated on cesium-vapor thermionie converters.

The two major goals of the program are: to demonstrate

that cesium-vapor thermionic converters operating above

1600"C can have a satisfactory life of at least one year at

effieiencies greater than 15_ and at power densities

greater than 12 watts/eroS; and to demonstrate that such

high-temperature converters can be incorporated into a

cavity generator capable of sustained operation at the focal

point of a solar concentrator. Toward these goals, a cavity

type generator was extensively tested under a solar flux

range of 80 to 100 watts/it t during the first quarter of the

program and go<Xi correlation of the generator solar per-

formance with previous laboratory performance bar been

obtained. Further, an advanced thermionic converter de-

sign, fabrication and performance evatuation _as success-

fully accomplished and an additional three converters of

this configuration are undergoing fabrication. These con°

vertera will be subjected to sustained and cyclic life

evaluations during the second and third quarter of the

program. (auth) _ _ _ ' 6



34539 (NP-13044) THERMIONIC CONVERTER" - '

SURFACE CONDITIONS. Quarterly Technical Progress

Report No. 2, May 1, 1953-July 31, !9C3. (General El_

tric Co. Research Lab., Schenectady, N.Y.). Aug. 1965.

Contract AF33(657)-10132. 25p.

Progress in a program to study various emitter mate-

rials and surface conditions In a plane parallel cesium

vapor thermionic converter configuration i• reported. The

operation of a parallel-plane cesium converter with an

emitter of oxygen-treated tantalum and a collector of

molybdenum was investigated. When the converter waS

initially operated, the output power in the lower range of

emitter temperatures was higher than that obtainable after

some 30 hr of operation. After 40 hr of operation at various

values of emitter temperature from 1550 to approximately

20aS'K, the converter apparently settled down to s stable

condition of operation. A slow variation of output power

with collector temperature was found to be normal.

/M.C.G.) ,V_ '(/_

/39710 (ASD-TDR-63-865) INVESTIGATION OF CAP-

ILLARY EMITTER THERMIONIC CONVERTERS. D.L.

Dresser, J. D. Dunlop, H. Huber, R. LeBlhan, V. L. Hill,

N. D. McMurray, and K. E. Muszer (General Motor• Corp.

Allison Die., Indianapoll•). Aug. 1963. Contract AF3$

(616)-8299. 190p.

A random current theoretical model Is formulated to de-

scribe the emission of ions and electrons from a capillary

thermionic emitter. Extensive experimental results from

monocapillary and multlcapillary devices are shown to be

In good agreement with the theory. Practical power densi-

ties of 5 to 15 watts/ca z were :A,tain(d between 1900 and

2100"K. A modified capillary emitter in which no cesium

flow is required was also Investigated and found to agree

with the random current model. Ion current measurements,

high frequency oscillations, and spectroscopic data are

used to interpret the operating conditions of the capillary

emitter. Technology developments are reported on the sub-

Jects of emitter fabrication and chemical vapor depo•itton.

AD-413 409 DIr. 7

'(TISTM/AMS) OTS price $4.60

Tapco Die., Thompson Ramo Nooldrldge, Inc.,

Cleveland, Ohio.
HIGH TEMPERATURE SOLAR THERMIONIC GENERATORS.

Quarterly technical progress rept. no. 1,
15 Apt-31. July 63.

15 Aug 63, _4p.
Contract AF33 657 11169. ProJ. 8173. Task 817305
24

Unclassified report

Descriptors: (nThermionic converters, Cesium).
(_Cesium. Thermionic converters), Vapors, Higk
temperature research. Power. Tests. Design.

Performance tests, Life expectancy, Test meth-
ods, Data, Electric potential, Electrlc cur-
rents. Test equipment, Electrical properties.
Solar radiation.

The two major goals of the program are: (I) to

demonstrste that cesium _apor thermlonl¢ con
verters operating _t temperatures above 1600 C

can have • satisfactory llfe of at least one

yeat st efficlencies greater than 15_ and at

power densltles greater than 1.2 watts/sq cmj

and, (2) to demonstrate that such high tempera-
ture converters can be incorporated into s cavity

generator capable of sustained operntlon st the

_ocsl point of s solar concentrator. Toward these

_goals, s civlty type generator hss been extensive-

ly tested under a solar flux range of 80 to 100
watts/sq, ft. during the first quarter of the

program and good correlation of the generetor

solar performance with previous laboratory per-
formance has been obtained. Further, sn sdvsncpd

thermlonic converter design, fabrication and per-
formance evaluation has been successfully accom-

plished and an additional three converters of this

configuration are undergoing fabrication. These
converters will be subjected to sustained sad
cyclic life evaluations during the second and
third quarter of the program. (Author)

Q9719 (MND-2945-3) NUCLEAR FUEL (OXIDE)

CLAD TIIERMIONIC CONVERTERS. Quarterly Tech-

nical Progress Report, May 1 through July 31, 1963.

(Martin-Marietta Corp. Aerospace Die., Baltimore).

Aug. 15, 1963. Contract AF33(657)-10077. 61p. (AD-
415102)

Fabrlcattnn of the components for the FDM-I converter

and its back-up device was completed. The FDM-I con-

verter was assembled, and preparations for testing were

completed. Performance testing was initiated, and • total

of 330 hours of operation above 1000"K in a cesium envi-

ronment were logged. The peak emitter temperature

reached was 2000"K with a thermlon/c output of nearly

2 watts/ca 2, indications of a cesium leak were observed,

and the device was shut down for ex_mina*fon. A 500-hour

thermal endurance test of the clad fuel pellets was per-

formed, A post-test examination was conducted, and no

diffusion of UOz into the cladding was observed. :[ thermal

conductivity test specimen was exposed to a temperature

of 1550"C for 509 hours with the result that some inter-

granular diffusion was noted. The post-test examination

of the vacuum emission test pellet was also completed.
The design of the advanced double-diode thermlonie con-

verter utilizing the results of prior efforts was initiated.

(auth) tJ _ '(,_)
o o--o.



¢ 37650 (NASA-TN-D-1879) TRERMIONIC EMI<;SION

FROM CESIUM-COATED ELECTROSTATIC ION-

THRUSTER ELECTRODES. Thaine W. Reynolds and

Edward A. Richley {National Aeronautics and Space Ad-

ministration. Lewis Research Center, Cleveland). Sept.
1963. 33p.

An analysis lpdlcates that electron-emission currents

from a cesium coated tungsten accelerator electrode in an

ion thrustor can be as high as 4 percent of the ion-beam

current when the only source of adsorbed cesium is direct

neutral flow from the ion emitter. If neutral-cesium atoms

accumulate in the lnterelectrode space, electron emission

from the accelerator electrode may become 40 percent of

the ion-beam current. Either cooling or heating of the ac-

celerator electrode could reduce the electron current

considerably. (auth) _)i'_ ¢_t_

824 NOBLE GAS FILLED TllERMIONIC ENERGY

CONVERTER. W. Bloss (Technlscbe l{ochschule, Stutt-

gart}. Kerntechnik, 5: 372-6(Sept. 1963). {InGerman)

The different methods of ion generation in noble gases

for electron space charge compensation in thermlonic

diodes and in thcrmionic converters with an auxiliary elec-

trode are described. Values of the operating temperature,

plasma resistance, and efficiency of energy conversion for

the different devices are given. The optimum operating

conditions, the feasibility of a-c generation, and the fields

of practical application are discussed, (auth) g[._ I[Gq
iv .. [

815 (AI-9050) CLAD CARBIDE NUCLEAR F'0"EI_

THERMIONIC POWER MODULES. Second Quarterly Re--

port. (Atomics International. Div. of North American

Aviation, Inc.,Canoga Park, Calif.). Sept. 1963. Con-

tract AF33(657)-10876. 37p.

A clad carbide emitter, thermionic power module, which

simulates nuclear reactor installation,design, and per-

formance is evaluated. The module is an assembly of two

series-connected converters with a single common cesium

reservoir. The program goal is 500 hr cummulatlve op-

eration at a power dcn_o,.'tyof 7 watts/era l and an efficiency

of 12_. Progress made includes: minor design refinement

of several components, completion of fabricationof all

module components with the single exception of insulated

collector structure, thermal stabilitytests of critical

brazes aed welds, completion of the module performance

evaluation test setup, development and evaluation of fueled

emitter fabrication techniques, and postoperation metal-

lurgical examination of fueled planar emitter from fueled

/converter test• (auth) A/¢_/_ t_, ¢/

822 pIIYSICAL FUNDAMENTALS OF THERMIONIC

CONVERTERS, AND SURVEY ON THEIR TECHNICAL

APPLICATION. J. Bohdansky and R. Langpape {Brown.

Boveri _ Cie AG, Mannheim, Ger.). Kerntechnik, S: 361-

5(Sept. 1963). {In German)

The possibilities of directly producing electrical energy

by thermionie emission are shown. Between both. the dis-

cussed types of diodes, cesium and Noble-gas, the .cesium

diode now seems to be further develope d and also longer

lasting. Electrically heated diodes were already operated

for several thousand hours with sufficient efficiency.

Nevertheless, these elements are not sufficiently qualified
for technical use on account of the small distance of the

electrodes. Ways for elimin_tting these difficulties are
demonstrated. The so-called cesiumfiuoridedlodc is dis-

cussed. Several problems are stillto be solved. Neverthe-

less, the thermionic clement seems to become an im-

portant power generator for special use. The employment

of thermionic elements for terrestrial purposes seems to

be possible in further future, too. At this time, its em-

ployment will be rather a financial problem than a teehnlea_

one. (aut_ _'_' _

823 THE NUCLEAR CESIUM CELL. H. Neu (Eura-

tom, Ispra, Italy). Kerntechnik, 5: 365-72(Sept. 1963).

(InGerman)

The nuclear cesium cell is a cesium-vapor filled energy-

converter for direct conversion of nuclear heat to electric

energy by thermionic emission of electrons. There are

presented some general lines for design and construction

of cells and the selection of useful materials. A short re-

view about In-pile tests in the USA and Europe Is given.

A =riucal discussion of the results as well as the devel-

opment goals is followed by some remarks on the applica-

tion of nuclear cesium cells in a thermionlc reactor for

i sl:ace flight and for commercial electric power production.

'/30467 SPECTROSCOPIC INVESTIGATION OF A

THER_HONIC CAPILLARY CESIUM ENERGY CONVERTER•

R. T. Schneider and J. D. Dunlop {General Motors Corp.,
Indianapolis}. AppL Phys. Letters, 3: 73-5(Scpt. 1, 1963).

A thermlonic capillary cesium energy converter operating

in the power generating region was investigated by means

of spectroscopy. Spectra were presented for the four modes

of operation: passive mode. oscillating region, ignited

mode, and arc mode. The electron density, estimated by

spectral line broadening measurements, was 2 x 1014 per

cm s. The electron temperature was determined by meas-

urements of intensity ratios of iincs originating from high

energy levels. (C.E.S.) IN _j'_ ( (_"L_



820 (PWA-2275) LIQUID METAL-itEATED SPACE

RADIATOR-MOUNTED TIIERMIONIC GENERATOR. Quar-

terly Report No. l, July 1-September 30, 1963. F.C.

liarter (Pratt and Whitney Aircraft Die., United Aircraft

Corp., Itartford, Conn.}. Contract AF33(657)-11320. 57p.

1AD-422200)

The design of the thermlonle converter to be evaluated

was completed. The converter incorporates a tantalum-10_o

tungsten alloy liquid metal containment tube insulated by

Bee from a tungsten-25% rhenium emitter. A nickel collec-

tor with an interelectrode space of 8 mils was selected.

The predicted performance of this converter indicates a

power output of 4.7 w/cm t with an efficiency of 12% when

the emitter temperature Is 1500"C. A bifilar tungsten fila-

ment was selected for use as a heater In this program

basedona studycontainedinthI, repo (auth) .I

2575 TIL_NSIEN r S FARTUP PItENOMENA IN

pLstS,_LA TItERMIONIC ENERGY CONVERTERS. J.S.

C_vian, Texa_ Instruments, Inc., Dallas). Advan. Energy

Conversion, 3: 565-S(July-Sept. 1963).

The slot' appr,:=eh to equilibrium operation In a plasma

diode was previously ascribed to lx.rmeatlon of the hot

refractory emitter by the alkali vapor. A dual diode was

u_ed to shot. that this transient behavior Is controlled by

the rate of arrival of the alkali vapor Into the main Inter-

action region, _.r_d by the adsorption of the vap_)r ontO the./
walls of the enclosure. (auth) h/g#l'_ tO"

,/

Double dmde thermionl'e converter." Mech Eng
$5:_;3 () '63

/_ %'t T.i" eG3

UNCLASSIFIED

115821 THEORETICAL AND EXPERIMENTAL INVESTIGATION OF ARC PLASMA-

115822 GENERATION TECHNOLOGY, PART 11: APPLIED RESEARCH ON ELECTRIC
ARC PHENOMENA, VOLIRdE I: A THEGRETICAL AND EXPERIMENTAL
STUDY OF THERMIONIC ARC CATHODES

(Period covered: August I, 1960-November 30, 1962)
Bade, W.L. &Yos, J.M.

September 1963 Unclassified
Avco Corp. (Air Force Dept.
Research & Advanced ASP TDR-62-729,
Development Division Pt. II, Vol. l)

AF 33(616)-7578
Report, Pt. 11, Vol. 1

A theoretical model is formulated Including Important
processes in the plasma of the cathode fall zome, at the plasma cathode
interface, and in the cathode interior. An approximate analysis
indicated that the system has two _ifferent types of solution, the
occurrence of which depends primarily upon how well the cathode is
cooled. Well cooled cathodes tend to operate with a concentrated arc

spot, while very poorly cooled cathodes operate without such a spot.

814 {AD-420837) KTtYPTON-FILLED TIlER.MInNIe

CONVERTER. Quarterly Technical Progress Report No,

3, July I. 1963-Septembcr 30, 1963. _Union Carbide Corp,

Parma Research Center, Ohio). Oct. 1963. Contract

AF33(657)-I0131. 26p.

Exploratory research work on Irradiated inert gas-filled

thermionic diodes is presented. Tubes containing xenon

and krypton were tested in the radiation field of a 5-Mw

swimming pool type reactor, and cathode current outputs

in the range of 1 amp/cm I were obtained. Early break-

down effects were observed in irradiated xenon-filled

diodes at voltages as low as 0.3 volt, and this effect ap-

pears to be dependent on cathode-anode spacing and pres-

sure. At radiation dosages between 10 s- 109 rads/hr, the

current output of inert gas-filled thermionie diodes in-

creases approximately linearly with radiation dosage.

Experiments to increase output in the power quadrant of

the thermionic diode, used as a converter, by the design of

/ow anode work function tubes are also described.A/_, f_(authl¢/_"

Progress in Thermlonlc Conversion, J.W.GARDNER. English
Elec J v 18 n 5 Sept-Oct 1963 p 24-9. problems of thermtonic

converston _re reviewed a.sone of 4 direct conversion techniques

which appear to offer best prospects for eventualeconomic large

._cale power generation; methods of overcoming space charges;

problems of work function; nuclear applicationsand problem of
Ionization In reactors, 25 r_s, C .I-.[#

l'nconventlonal metho#ls of electricity gen-
,'rat ion. P. 1). 1311nl_ and J. K. Wright.
,I ia_.q lnst E E Proe l 1n: 1837-52 bib-
liogll) lSSI-2); I)iscil_ion. 1853-40 '63

P, _"t-T_ r(,, :_

_'/810 (63SD_62) OUT-OF-CORE NUCLEAR THERM-

IONIC STUDY. Quarterly Report No. 1, July l-Septem-

ber 30, 1963. (General Electric Co. Missile and Space

Div., Valley Forge Sp:ce Technology Center, King of

Prussia, Penna.}. Oct. 30, 1963. Contract NASw-?41,

112p.

Results of analysis and design studies accomplished on

one-loop and two-loop thermionic radlator-generator sys-

tems and the two-loop thermionic heat exchanger°

generator are described. An extensive compilation o|

measured thcrmionic converter emission data at emitter
¢

temperatures of It00, 1200, 1300, and 1400"C was pre-

pared for a planar converter consisting of a molybdenum

emitter and nickel collector with a 5-rail gap. These data

were experimentally optimized with regpect to cesium and

collector temperatures, and were used to calculate para-
metric efficleneies and actual power densities for the cy-

lindrical thermionle radiator and heat exchanger converter

designs. An overall evaluation of the design anti fabrica-

tion problems, system weight and performance, reliability,

operational factors and growth potential, resulted in the

conclusion that the heat exchanger location for mounting

hermlonic converters offers considerably more promise

han the radiator location. (N,W.R.} In _ _ ' (D{.(

229



_
2568 DEVELOPMENT OF AN ADVANCED THERM-

IONIC CONVERTER FOR NUCLEAR REACTOR EXPERI-

MENTS. J.T. Ream and J. W. Holland (General Atomic

Die., General Dynamics Corp., San Diego, Calif.). Trans.

Am. Nucl. Sac., 6: 317-18(Nov. 1963), _k]_ _ ,_q

2578 MITIGATION OF OPEN-CIRCUIT FAILURES IN

THEIL_IIONIC REACTORS. William J. Levedahl (M•rtin

Co.,..... _altimore). Trans. Am. ,_uel. Sue., 6: 321(Nov. 1963)_, _ t/

43]085 (NP-12970) SECOND QUARTERLY REPORT

FOR ADDITIVE CONVERTER STUDIES. A. L. Hyland

(Thcrrno Electron E,i_inccring Corp., Waltham, Mass.).

1963. Contract AF33(657)-10130. 23p.

An account of the cesium characteristic• of the cxperi-

mcnLll thermionic converter is given, and the correlation

to other rhenium emitter diodes is discussed. The experi-

menL_l apparatus and the testing proct_lures are described.

The program is dcsl_,mcd to study the effect of additions of

cesium compounds of elcctronegativc elements such as

fluorine, chiorinc, and oxygen to the test chamber on the

converter perfor,n.'mce. (N.W.R.) _J_F:_ I _'_z

AD-411 474 Die. 25
(TISTP/MFA) 0TS price Sl.60

United Aircraft Corp., East Hartford, Conn.
PROBE MEASUREMENTS IN A CESIUM PLASMA CONVERTER

by R. H. Bullis and W. J. Nieg•nd. 1963, 16p.
Rept. no. P B_8
Contract AF49 638 1221

AFOSR 5141 Unclassified report

Presented st the 23rd Annual Conference on

Physical ElectronicS, 22 Mar 6_, at NIT.

Descriptorst (nprobes (Electrcm•gnetic),
Measurement), (nThermionic converters, Plasma

physics), Electrostatics, Plasma sheath,
Cesium, Mark functions. Electrons. Energy,
Flame spraying, Thermionic emission. Pressure,

Temper•turn, Cooling, Electrodes.

Measurements of the properties of the plasma in

the interelectrode space of both conventional
and arc mode thermionic converters were obtained

with coaxial electrostatic probes. In the high-

temperature cesium plasma present in the con-
verter, it was found that severe distortion of
the probe current-voltage characteristic occurs
due to extraneous current _eakage to the probe

and thermionic emission from the probe tip. By
means of techniques previously reported, these
distortions were eliminated by employing •

coaxial-type probe. A comparison of probe in-
formation is made to models of both types of
converter. In the conventional mode ol oper-
ation the measured electron energy distribution

Is Maxwelllan with • temperature of 0.18 ev
which corresponds closely to the emitter tem-
perature of 0.12 ev. In the arc mode converter,
probe studies indicate that the electron energy
distribution is non-Maxwelllan with two energy

groups existing in the plasma. The high-energy

group of _Iectrons corresponds closely in energy
to emitter electrons which were accelerzted by

potentials comparable to emitter sheath po-
tentials. The lower energy group corresponds tO

electrons which are essentially in equilibrium
with the cesium vapor in the Interelectrode space
of the converter. _Author)

d42412 TIIE POTENTIAL OF SOLAR TIIERMIONICS

FOR SPACE VEIIICLE POWER. D.L. Dresser (General

Motors Corp., Indianapolis). New York, Society of Auto-

motive Engineers, Inc., 1963, Preprlnt 741B, 12p.

(CONF-191-2)

From Society of Automotive Engineers National Aero-

nautic and Space Engineering and Manufacturing Meeting,

Los Angeles, Sept. 1963.

A summary is presented on theoretical and experimental

re•ults obtained during the past four years on the solar

thermionlc system. These results provide a basis for esti-

mating the future competitive position of the thermionlc

system versus solar cells in space powex. The basic char-

acteristics of the system are outlined and recent develop-

ments are reviewed. A comparison is made of the therm-

ionic and solar cell as power sources. (auth) AJ'_t IG..._

'36532 THEORY AND EXPERIMENT OF A CAPILLARY

EMITTER IN A THERMIONIC CONVERTER. D.L.

Dresser (General Motors Corp.. Indianapolis), W. G. Lau-

rit•, J. D. Dunlop, H. Ruber0 and M. LeBihan. New York,

American Inst. of Aeronautics and Astronautics, 1963,

Preprint 63-156, 16p, $1.00. (CONF-97-16)

From Summer Meeting, Los Angeles, June 1963.

A capillary emitter concept in which a capillary struc-
ture Is used as a dual source of electron emission and a

dispenser of Cs ions is presented as a possible means of

alleviating the close spacing requirement in thermlonle

converter•. A random current theory is formulated in

which the ion and electron current• are dependent upon the

atom density at the capillary exit and the emitter tempera-

ture. The Cs flow equations are solved for the electrode

geometry ,_,elng st'.'dled to predict the exist pressure. The

design and fabrication of two devices, a monocapill•ry
structure and • multicapillary eonver_er, are described.

Experimental data from the muhicapill•ry converter are

compared with theory. It was found that the multfcaplllary

converter Is better than the ideal conventional converter

at low Cs temperatures; at higher Cs temperatures • con-

ventlonal device becomes better. In all lses where the

multlcaptllary converter is superior, the absolute power

density is too low for practical applications. (A.G.W.)
.... ,_e_ '_ -'_



C()NV ERsIoN. W.Bernstei..

"Ionization in guees" Conference Paper, Vol. I1 (see Abstr. _IOZ of

1963) p. 1'/45-50.
The characteristics of an auxiliary discharge thermioni¢ con-

vertor are derived and compared with experimental results. It is

shown that the power required in the auxiliary discharge can be as
low as 0.I W/A of convertor current, Thus, efficiencies of about

25% an ,_ power densities of I0 W cm "s can be obtained at 1500"K

prov'_ed suitable low work function anodes are developed. It is also
sho#n that the plasma resistive loss is small for this type of con-

vertor, although Interelectrode spacings of several milllmetres are

v
4172 PLASMA CONVERTER PERFORMANCE

CHARACTERISTICS. H.K.Messerle,

"Ionization in gases" Conference Paper, Vol. ILl {see Abstr. 2102 d
1963) p. 1752-68.

A plasma convertor allows direct conversion of thermal energy

of an ionized gas into electric_ ener_" when the gas flows through

a magnetic field. Performance of the convertor can be described

with the aid of the basic laws of magnetohydrodynamfcs. Perfor-

mance characteristics are established applying perturbation theory

to the one dimensional flow equatlons for the convertor. It ts showU

that compressibility can be considered as a perturbation effect In

the practical operating ranges of the device. ... ¢_.__ A.r _ -.J

518"/ A NEW THERMIONIC GENERATOR WITH ION INJECTION.

H.A.FatmL

"Ionization in gases" Conference Paper, Vol.II (see Abstr. 2102 c/

1963) p. 1739-44.
• A new thermlonlc generator capable of producing direct or alter-

nating current is described. The supply of ions is provided by a
simple and highly efficient method, at a cost of only a few per cent of

the useful power. Gabor's theory (Abstr. 411 of 1962) which assumes
at, almost uniform isothermal dark plasma in the main dlsch_rge

space, limited by Langmuir-sheaihs at the side of the emitter and the
side of the collector, account for most experimental results. The

efficiency is mainly a function of the radiation loss of the emitter

per ampere current and efflclenctes of 40-50% may be attainable if

it is possible to reduce this figure to I W/A.

"/421 A NEW THERMIONIC GENERATOR WrTH ION

INJECTION. H.A.Fatmi.

"Ionization in g_ses" Conference Paper. Vol. II (see Abstr. 192{$

of 1963) p. 1739-44.
A new thermlonic generator capable of producing direct or

alternating current is described. The supply of ions is provided by
a simple and highly efficient method, at a cost of only a few per cent
o_ the useful power. Gabor's theory (Abstr. 18916 of 1961) which

assumes an almost uniform isothermal dark plasma in the main
discharge space, limited by Langmuir-sheaths at the side of the

emitter and the side of the collector, accounts for most experimental
results. The efficiency is mainly a function of the radiation loss of
the emitter per ampere curren_ and efficiencies of 40-50_ may be

t_i_ble _ tt is possibteto reducethis fibre to I W/A. PtJ r_5

7422 A NEW APPROACH TO :I'HERMIONIC ENERGY

CONVERSION. W.Bernsteln.

"Ionization in gases" Conference Paper. Vol. II {see Abstr. 1928 of

1963) p. 1745-50.
The characteristics of an auxiliary discharge thermionlc con-

v_rter are derived and compared with experimental results. It is
shown that the power required in the auxiliary discharge can be as
low as 0.I W/A of converter current. Thus, efficiencies of about
15_ and power densities of I0 W cm "s canoe obtained at 1500"K

provided suitable low work function anodes are developed. It is also

shown that the plasma resistive loss is small for this type of con-

erter, although interelectrode spacings of scveral millimetres are

23



III. POWER GENERATION

C. Miscellaneous thermal energy conversion devices

9]50 RADIOACTIVE BATTERY. Harry C. Lleb and

Stanley Wallack (to Leesona Corp.). U.S. Patent 3,069,571.
Dec. 18. 1962. Filed Dec. 16, 1957.

A device is described that directly utilizes the electrical

energy emitted from a gaseous or fluid radioactive mate-

rial by collecting emitted electrons. The device Is designed

to function under extreme conditions of temperature and/or

shock. (R.J.S.)

7423 PLASMA CONVERTER PERFORMANCE

CHARACTERISTICS. I:.K.Messerle.

"lonizatio.,,in gases" Conference Paper, Vol. ll(see Abstr. 1928
1963) p. 1752-68.

A plasma converter allows direct conversion of thermal

energy of an ionized gas mto electrical energy when the gas flows
through a magnetic field. Performance of the converter can be

described with the aid of ti_e basic laws of magnetohydrc.,dynamics.
Performance characteristics are established applying perturl_tton

theory to the o_m-dimensional flow equations for the converter, it
is shown that compressibdity can be considered as a perturbation
effect In the practical operating ranges of the device.

AD-284 662 Div. 25, 7

(TISTMLAM) OTS price $6.60

Marks Polarized Corp., Whiteatose, N. T.
THE CONVERSION OF IIEAT TO ELECTRICAL POMER BY

MEANS OF A CHARGED AEROSOL.

Quarterly repto no. 4. 1Apr-30 June 61.
14 Nov 61, 66p. incl. illus, table,. 6 refs.

(Contract NOw 60-08_1-c)
Unclassified report

DESCRIPTORS: elleat transfer, *Electric power
production, *Thermodynamics. Ions. Effective-
nets, Plasma physics. Gas ionization. _athe-

mntic81 analysis. Aerosols. Gases.

The electrothermodynamics of an electric gener-
ator utilizing a charged aerosol was investiga-

ted for single and multlloopCarnot cycles.
Parameters related to efficiency were established
for pressure, temperature nnd isothermal sad

Isentroplc work. The charged aerosol in s new
working substance uniquely adaptable to n varlet T
of controlled electrothermodynamlc eperstioos.

Heat interchange is facilitated between the
highly dispersed liquid and got components of
the aerosol. The liquid/gas mass ratio of •

charged aerosol controls the modes of operntio|
during expansion or compression, thus enabling

J

Ithe predetermination of isothermal or isentropic

operation, by adjusting the liquid�gas mass
ratio. Electrical power is extracted during
both isothermal and isentropic expansion of the

charged aerosol. Compression may be effected
by the reverse electrothermodynamic effect.
New multlloop aerosol cycles having an overall

efficiency of 60-80% appear feasible. (Author)



3996 TIlE DIRECT CONVERSION OF TIIERMAL ENERGY
INTO ELECTRICAL ENERGY. S.Kleln.

"Ionization in Gases" Conference Paper, Munich, 1961 (see Abstr.

1928 of 1963), p. 806-14. In French.
An important sepaxatlon of positive and negative electric

charges in a jet of ionized vapour, metallic or otherwise (mercury,
caesium and water) which tends to condense at room temperature,

was found. These pressurized vapours, ionized by a h.f. source,

entered through a vent into an expansion chamber which con.'.atnod

severM electrodes and in which a partial vacuum had been _et up.

These vapours, made up of molecules, ions and electrons, traversed
the vent and the electrodes and expanded at different velocities and

an electromotive force was produced between the electrodes. Also,
similar results were obtained by using other Ionization processes
(flame, ultraviolet light, radioactive elements). The voltage dis-

tribution in the hot gas in relation to the electrodes "#as measured
by means of small wire electrodes. The separatt_ " ".

charges was obtained without applyin_'/r'ele_ i_:Y__.-.,,e=-.,_gnetic
field L_ the vL_.cLnity of the electre:es. The difference of tempera*

ture between the electrodes played an essential part in this pheno-
menon. Ii the electrodes were at the same temperature, no electro-

fotlve force was produced. _:;)_ _

]_ne_tic trtodeL direct conversion of heat
ectrlelty-. GL F. Harris and others, bib-

llog diagq P-lectronic Tech 39-27-30 Ja
'$3 ...... "

TIIERMOMAGNETOELECTRIC (T.M.E.) EFFECT IN
/14504 LAMINAR BISMUTH-METAL CONTACTS.

A.Luyck_, J.P.Issi and G.Lontie.
Bull. Acad. Sci. Belgique CI. Sci., Vol. 47, No. II, 1138-40 (1961).

In French.
A bismuth--copper thermocouple placed in a magnetic fleldH

exhibits a TME elfect. A relative increase in e.m.f. AE/fE Is
observed independent of the direction of H. For a given H, AE/E

depends on the temperature difference -_ T. For a given nT, AE/ll

is approximately proportional to H. The effect Is increased blr
interposing a laminar bismuth foil between the Bt-Cu contact, and
decreased by interposing a non-laminar bismuth plate. J.B.t_Irk|

........... PAq, _--

NEW CALORELECTRIC EFFECT.
13.531 J.R.Cozens ar.d A.von EngeL

Nature (GB), Vol. 193, I170-I (March 24, 1961).

A physical mechanism is proposed to explainthe new effect reo

ported by Klein (Abstr. 19671 of 1960; 7020 of 1961) in wblch an

oxygen-coal gas flame is directed onto two electrodes kept at

temperatures differing by several hundred degrees, a potential

difference of several volts appears between the electrodes.
CA.Hog-_rm

Sur l'utillsstlon de l'energle d'une vapeur lonls_e chaude, S.
KLEIN, M.SURDIN. Acad des Selences--CR v 254 n 13 },far 26
1962 p 2303-4. Utilization of energy of hot ionized vapor; loniced

flame cell can produce emf of 2 v by technique experimented by
S.Kleln." Z-Stage production of power is proposed; first stage
consists of multl-cell installation for direct conversion; in second

stage remanent heat is utilized for gas turbine or for st._._m pro-
duct ion. ._:=.T" (,_°

t/11608 APPLICATION OF A FERROELECTRfC I_ATERIAL IN
AN ENERGY CONVERSION DEVICE. J.D.Childress.

J. appl. Phys. (USA), Vol. 33, No. 5, 1793-8 (May, 1962).

The thermodieleetrlc converter, a de;Ice c:n_loylng a ferro-

electric r._aterlalas the active element in converting thermal to

electrical energy, is analysed, the efficiency and power-handllng

capacity are calculated for operation of a ferroelcctric material in

the induced-ferroelectrlc region on the basis of an idealization of

the polarization (P--E) characteristics. The tdea|!zallon includes
the lnduccd-ferroclectric transition but excludes hysteresis and

other nonlinear effects. For a barium titanate-like material, the

following values are obtained: a maximum theoretical efficiency of
about 0.5% In an ideal temperature cycle of Carnot efficiency 7.1vL;

and a power-handling capacity of roughly 32 W/Ib per temperature

cycle per see. i_/'_' _ "Z,," 233



Sur la conversion d'_nergle par Jet de vapeur lonis_e_'M.S-UR °

DIN. J de Physique et Radium v 23 n 5 May 19G2 p 297-8. Direct

energy conversion from Jet of ionized vapor; theory is advanced
for S.Kleln experiments on direct conversion; negative potential
of hot electrode and positive potential of cold electrode calcul_ted;
negative charge carriers arriving at cold electrode are not elec-
trons but water droplets; short-circuit current Is calculated, ap-

proximately, assuming that electron current of external circuit
compensates ion current arriving at Cold electrode. /--_" ___

Theory of Galvano-Thermomag_etlc Energy Conversion Devices--
2, 2, T.C.HARMAN, J.M, HONIG. J Applied Physics v 33 n 11 Nov
1962 p 3178-94. Pt 1. Generators using phenomenological equations
in partially inverted form; operation of galvano-thermomsgnetic
ger, erators has been analyzed for 6 different modes of operation.

Pt 2. Refrigerators and heat pumps; it ts shown that coefficientS
of performance of refrigerators and heat pumps differ by unity;
upper bounds are placed on transverse fig'arc of merit and brief

discussion of main features of theory Is given. 27 refs. _ [ _'_

_4727 (AGC-0528-02-2) __.VEST!GAT!ON OF AN

ENERGY CONVERSION DEVICE. Quarterly Progress

Report No. 2, October I to December 31, 1961. R, F.

Fogle and H. E. Lawson (AeroJct--Ger_ral Corp., Ar.tts_

CaLif.). May 1962. Contract DA-36-039-SC-82229.

(AD-278450)

Activities in a program to develop a ceU which produces

electricity by recombination of thermally separated rea¢.-

tire elements are reported. Tests are reported la which

reactants were lost from the ceil during operatlon becautm

of mechanical failure of the sealing materials however.

in intermittent tests, operatio_ was increased to about $

,days. (J.R.D.) N_j/_ i_

5617 A PROCESS FOR THL CONWERSION OF IONIZATIG

Eh_RGY TO ELECTRICITY. S.Kleln and J.Pr_v_.

J. Phys. Radium (France), Vol. 23, No. 8-9, 5R8-9 (Aug.-Seix., _tqdls.
In French.

FoHowlng proposals for a method of direct conversion o__¢_%
into electricity (Abstr. 9519 of 1962) a devi:e Is described for

directly convertir_ atomic energy into electricity. _An experjmegtal
device using X-rays .as a source of ionization produced an open-

,_circuit petentlal of 25 V and a short-circuit current of 22 × 10 "° A,
_ and had an internal resistance of about 20' ohms, C.Greaves

Triode Concept of Direct Conversion. J.N.ANN0. Jr. S.L.FAW-
CETT. Battelle Tech Rev v 11 n 10 Oct 1962 p 3-9. Dtre_t con °
version of fission energy into electric energy as studied since
1958 at Battelle; concept is named Triode becsase ceil consists
of emitter, grid. and collector; fission fragments from emitter
depo3it their charge on collector; cell arrangement is analogous
to capacitor; grid is required to suppress secondary electrons;
irradiation is performed at Battelle Research l_eactor; aumm_ry of

experimental results. -_f_

§162 ELECTRON EMISSION CURRENT NUCLEAR

REACTOR. Ralner Guenther. British Patent 909,989.

Nov. 7, 1962.

The electron cr_ '.saloncurrent nuclear reactor is de-

signed to convert nuclear energy directly into an electrical

current. A core containing .fissionable material is in direct

contact with the emitter electrode, which is electrically

isolated from the eolh, ctor electrode. (It.J.S.)

t

"$080 THEORY OF GALVANO-THERMOMAGNETIC

ENERGY CONVERSION DEVICES. I. GENERATORS.

T. C. Harman and J. M. Honig (Massachusetts Inst. of

Teeh., Lexington). J. Appl. Phys., 33: 3178-$8(Nov.

1962).

Using phenomenological equations in partially inverted

form, the operation of galvano-thermomagnetic generators

has been analyzed for six different modes of operation.

The efficiency, figure of merit, and geometry optimization

have been investigated. The two-dimensional temperature

distribution prevailing in a device arm 15 also briefly

analyzed. For the "longitudinal" case where heat flow anC

current are colinear in a transverse field, Hi, the mathe-

matical relations conform to the standard theory, except

that the transport coefficients depend on Hx. In the "trans.

verse" case where heat flow, current, and magnetic field

are mutually perpendicular, new expressions are obtained

for the figure of merit and device efficiency. Furthermore,

inthe latter case the optimal operating conditions are

those In which both dev".e arms are made of the same

material. The results are d_scussed in the l|ght o.f son_,

existing experimental data. (auth) /_ f _



"_065 TIlE TRIODE CONCEPT OF DIRECT CON-

VERSION. J:unes N. Anne, fir.and Sherwood L. Fawcett.

Battelle Teeh. Rev., If: No. 10, 3-9(O¢t. 1962).

A direct-converslon cell is described in wMch the

cathode is'coated with a fissionable material and Is sepa-

rated from the anode by a negative-biased grid. When

fissions occur in the fissiohable coating, positively charged

fragments at high energies an,! electrons at relatively low

energies are emitted. The _r]d turns the electrons back

toward the cathode, while allowing the positively charged

(average charge = +21 e) ions to pass through to the anode.

The positive potential of the anode is limited only by the

dielectric breakdown characteristics of the cell, and may

be on the order of several My, The cell may be used as

an a-c generator by applying an alternating voltage to the

grid. The use of banks of these cells as nuclear reactors

is discussed for both stationary and space applications. It

is noted that this system allows the kinetic energy of tim

fission frag_n, ents to be converted directly into electric

energy without passing through the intermediate form of

heat. (T.F.H.) -Y j4r%_ ' _
_. "__ ...................

,'"/449 TEST OF A PHYSICAL INTERPRETATION OF A

PIIENOMEN:, OF TIIE CONVERSION OF ENERGY.

3. Deblesse, S._d., .ridJ.Taillet,
C.R.Acad. Scl. (France), Voi.255, No.25, 3144-6 (Dec. 5, 1962).

, In French.
Evidence is dlscussed concerning the production of potential

differences of several volts across two electrodes in argon gas at
.,

atmospheric pressures when the gas is subjected to resonant pres-

sure variations and X-ray irradiation in the 10 to 25 kV range. The

possible charge carriers are divided into the fast primary electronm
during the time their energy exceeds the first excitation level of

:the gas, the ions and slow electrons, and the fast secondary and
the primary electrons after their relaxation through inelastic
collisions. M.F.Anderson

t' A'{,'_

Some Experimental Results Concerning Possibility of Direct
Conversion of Thermal Energy into Electricity with M-G-D Meth-
ods, J.._HLEWSKI, J.SMIGIEL_KI. Acad Polonaise des Sctences--
BuI--SOr des Sciences Techniques v I0 n II 1962 p 629-34. plate.

Descr!ptlon of work done from 1961 at IMP {Instof Fluid Flow

Machinery) of Polan_ Acad of Sciences; design of plasmatron;
I-V curve of MGD (magnetO-gas-dynamic) generator. 21 refs._ ,/o3

Theory of Galvano-Thermomagnetic Ener_ Conver'slnn Dev!L'es
--3. Generators Constructed from Anisotroplc Materials, T.C.
HAI_MAN, J.M.HONIG. J Applied Physics v 34 n 1 Jan 1963p
189-94. Phenomenological equations in partially inverted form

derived for antsotropic materials; characteristics for galvano-
thermomagncttc Ner_st generators operat:ag under isotherms! con-

ditions formulated; efficiency isno longer exclusively determined

by figure of merit as is case for Isotroplcgenerators; figure of

merit required to reach Carnot efficiency becomes increasingly

smaller. _:_- ,&._
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Foreign Tech. Div., Air Force Systems Command.
Wright-Patterson Air Force Base. Ohio.
A METIIOD FOR TIlE DIRECT TRANSFORMATION OF HEAT
ENERGY INTO ELECTRICAL ENERGY,

by I. K. Vul'fel'dt. 9 Jan 63. 4P. incl. illus.
(Trans. no. FTD-TT-62-759 from Soviet Patent No.
140920 (689180/24) 16 Dec 60)

Unclassified report

DESCRIPTORS: mTher_oelectrlcity, *Energy.

Thermocouples, Olelectric properties.
Capacitors. Reliability. USSR, Transformntleas.

Frequency. Resonance, lleat transfer. Electric

potential.

'A method is proposed which excludes the neces-

sity for initial capacitor activation in the
sources and enables the efficiency sad funC-

tional reliability of the energy converter to be
raised and its weight, dimensions, and Inertia
to be lowered. T_ls is attained by connecting

a capacitor together with a linear inductance
into a circuit operating at parametric resonoo©e
at a freque,cy half of that at which the dielec-
tric heats. The essence of the method consists

in alternately heating and cooling the capacitor,
the dielectric of which possesses a penetrability
which is a function of temperature. As a result

of a change in the capacitance of the capacitor •
variable electric current is excited in the

circuit. (Author) /(3

16187 A NERNST EFFECT POWER GENERATOR.

S. W. Angrist (Carnegie Inst. of Tech., P/ttsbttrgh}. J.

Heat Transfer, 85: 41-8(Feb. 1963).

The direct conversion of heat to electricity by means of

the Hernst effect is analyzed. The Hernst effect is the cre-

atlon of an electrical potential perpendicular to both an ap-

plied temperature difference and an applied magnetic field.

The effect is pronounced in semiconductors which have

large mobility, large mobility ratio, and relatively small

energy gap. Indium antimonide exhibits theoretically the

best performance to date. A Nernst effect generator using

indium antimonide experiencing an applied temperature -

difference of 500 deg K and a magnetic flux density of 10

kJlogauss would have a thermal efficiency of about 1.6 per-

cent and a power density of I0 watts per cubic centimeter.

End Losses in Magnetohydrodynamlc Channels _th Tensor Elec-

trical Conductivity and Segmented Electrodes. G.t_.SUTTON. J

Applied Physics v 34 n 2 Feb 1963 p 396-403. End losses for mag-
netohydrod)_namlc power generator calculated; it was found that

constant-current Configuration is more efficientthan conslanVpo-

tentlaldiffei-encecase; efficlenclesincrease with increasingHall
effect, but constant magnitude extensions to magnetic fieldhave

bery littleeffect;theoretical efficiencyfor aspect ratioof 1O and

product omega tau equal 2 is only 74%. _J_-/to

i" -r ...... a --o ............ " .... __

]2039 POWER-PRODUCING SHIELD FOR SPACE

REACTORS. Bernard Ra_b (Republic Aviation Corp.,

Mineola, N. Y.). Nucleonics, 21: No. 2, 46-7(Feb. 1963).

The active-shield or basic converter unit consisted of

an assembly of high-Z and low-Z materials, divided about

equally in weight and separated by a vacuum or dielectric.

The reactor radiations interact with the active-shield to

create anode-cathode voltage. (C.E.S.)

_/_ '_._

A4224. FISSION-FRAGMENT CONVERSION REACTORS FOR

SPACE. C.J.Heindl, W.F.Krieve and R.V.Meghrebllaa.

Nucleonics (USA), Vol.21, No.4, 80-5 (.%p;-'.l,l?_:".

Fisslon-electrlc cells are constructed by c_u*" _g cylindrical

cathode_ "_th a thin layer of fins!enable m_terlal and collecting the

fission fragments on a second cylinder separated by a high vacuum.
A number of such cells can be assembled, with additional fissile

material ifnecessary, to form a reactor. The cells will generate

an open circuit potential of about 4 mY, but the reverse electroe
current produced when the fragments strike the collector must be
suppressed by grids or a magnetic field. Test cells Irradiated l-

a _,::TR have produced 10 laA and 11-8!0 V. The use of high-voltage
cellswill require development work on breakdown and leakage
currents in the presence of high radiation fields. R.D.Srnith



La converslone dlretta dell'energls termica In elettrlca per vls
magnetoplssmadlnamlca, A.ABETE. Elettrotecnlca • 50 n 4 Apt

1963 p 253-62. Direct conversion of thermal energy intoelectricity

by means of magnetoplasmadynamlcs (MPD); some deduction ob-
tained from Ist symposium on magnetoplasmadynamlc electrical

power generation, in Newcastle-on-Tyne, England, Sept 1962;

general aspect of MPD, its application to conversion, and actual
e_qperlmental solutions. 22 refs. _.j'-_

Fisslon-Fragment Conversion Reactors for Space, C.J'.HEINDL.
W.F.KRIEVE, R.V.MEGII!tEBLIAN. Nucleonics v 21 n 4 Apt 1963

p 80-5. Fisslon-electrlc conversion cell under investigationatJet
Propulsion Laboratory of California Inst Technology; cellessen-

tlallyconsists of very thin layer of flssionablematerial covering

cathode separated by vacuum from anode that acts as fisslon-frag-
ment collector; fragments carrying positive charges of about 80

Mev kinetic energy, h-v potential is buildup; h-v source is ad-

vantageous in some applications such as electricalpropulsion of

space vehicles. _ _- ¢_ "_

Conversion of Thermal to ElectricalEnergy wlth Ferroolectrlc
Materials. S.R.HOll. IEEE--Proc • 51 n 5 May 1963 p 838-45.

It Is shown that ferroelectrlc materials with hlgh polarization and

hlgh dielectric strength can yield good conversion efflclencles;
very hlgh specific outputs are calculated for conversion of un-
collected solar radiation by spinning space vehicle; such high

specific outputs require suitable thin ferroelecirlc films of high
thermal shock resistance; these rc_lulrements cannot be met in

present experimental conve_ers. _=_" _ -_

34075 STORING THERMAL ENERGY. Edward f.

Batutis (General Electric Co., Valley Forge, Penna.).

Astronaut. Aerospace Eng., 1: No. 4, 102-3(May 1963).

Thermal-energy storage materials for high-temperature

power-conversion systems arc considered. The melting

point, heat of fusion, and molecular or atomic weights of

these materials are in.;estigatcd. Optimum materials have

a heat of fusion greater than 100 whr/lb. (C.E.S.) _f_ r(n _

/
2753] RADIOACTIVE BATTERIES. Paul Rappaport

(to Radio Corporation of America}. U.S. Patent 3,094,634.

June 18, 1963. Filed June 30, 1953.

• A long-lived radioactive battery using semiconductors I|

designed which is especially suited for powering transistor

circuits. In the battery, a junction or point-contact semi-

conductor device is irradiated by a radioactive sourco to

liberate charge carriers therein and thereby generate •

potential at the output terminals. Several embodiments d

the battery are described. (D.L.C.) _j _ _ q_
t

/ 31608 MEASUREMENT OF TIlE TIIERMOELECTRIC

POWER OF A FULLY IONIZED, LOW-TEMPERATURE

PLASMA. N. Ry._-'t. (Princeton Univ., N.J.). Phys. Rev.

Letters, 10: 465-7(June 1, 1963). (MATT-174)

The plasma generated in the Q-1 device by allowing •

collimated beam of K to impinge upon a hot W plate In con-

fined radially by a strong magnetic field _Jnd axially by but

plates. One plate was grounded while the other was al-

lowed to float. The voltage generated in the thermocouple

joints formed by the plasma, W plates, and voltmeter con-
nectors as the temperature of the floating plate was varied

permitted determination of the thermoelectric force •s

3.8 x 10 -! volt/degree, in reasonable agreement with theory.

(D.C.W.) ,,,_ t_'_
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14227 DIRECT CONVERSION OF VARIOUS FORM8 OF ENERGY

TO ELECTRICAL ENERGY. |. K.SimonyJ.

Elektrotechnika (Hungary), Vol. 56, No. 6, 237-48 (June, 1963).
In Hungarian.

Concise Introduction to the theoretical and practical problems

of unconventlonal energy conversion. The operatlng principle•

MHD generators are reviewed and the basic equations of electro-

magnetogasdynamics discussed. The characteristic quantitles
plasma physics are described ann conductivity examined in detail.
Mathematical expresslons for one-dimenslonal streamline flow is
_veu. P_zekelv

MIID Power Conversion. W.E.GUNSON. K.E.SMITH, T.C.TSU, J.

H.WRIGHT. Nucleonics v 21 n 7 July 1963p 43-7. Althougb stillfar
from being re_ity, direct converslonofheatintoelectrictty through

tnteractlon of working fluidwith magnetic fieldnow, because of re-

cent developments, warrants serious attention. _f-_,

f
AD-/.11 321 Div. 7, 12. 25

_TISTE/CAM) OTS price 17.60

Dynatech Corp., Cembridge, Mass.
PRELIMINARY DESIGN OF A SUPERCONDUCTING, ROTATING,
ELECTRIC GENERATOU.

Quarterly progress rept. me. 1, July 6_, '

by E. H. Sibley, E. F. Doyle sad C. J. Oberh•sser.
July 63. 65p. Rept. no. &lJ

Contract AF33 657 11062, ProJ. 8128. Task 812808
Unclassified report

Descriptors: (*Oener•tors, Spsceborae).
(*Superconductors. Generators), (*Electric
power production. Superconductors). Velocity.

Impellers, Electrical properties. Configura-
tion. Magnets, Electromagnets, Heat transfer,
Gamma rays, Cryogenics. Neutrons. Rotation,

Refrigeratio• systems.

The object of this investigation is to determine
the fe•sibility of the application of supercoe-

ductor technology to the generstio• of electrical
power by rotating electromagnetic devices. Since
the anticipated use of such • generator is for

long missions, • refrigerator with associated
equipment must be considered port of the package.
The work includes analytical and design studies
of both electrical and mechanical components.

The program may be divided into three psrtss
in_tial design, supporting test•, and fimal

design; this first report deals with the initial
design phase. (Author)

Magnetic Brillouin Zone Effects in Thermoelecu.]o Power and
Magnetoresistsnce of o-Manganese, D.GRIFFITHS, B.R.COLES.
Phys Sot--ProD v 82 n $25 pt I July 1963 p 127-32. Evidence from
electrical resistivity studies of modification of electron/c struc-

ture of @-manganese below Neel temperature Is supplemented by
thermoelectrlc and magnetoreststlve datal thermoelectric powex
changes from ne_ttlve to positive on cooling through Neel tem-
perature (about 95 K)_ msgnetoreslstance increases by factor od
10 between 110 and 65 K. _ .E" /(c ,_:_

"19184 THE CALORELECTRIC EFFECT IN FLAMES.

A.Von Engel and J.R.Cozene.

Proc. Phys. Soc. (GB), VoL 82, Pt I,85-94 (July, 1965).

When two electrodes at different temperature• are placed in •

reacting flame gas at atmospheric pressure, a potential difference
is established between them. Its magnitude increases with rlstn|
temperature difference but it is independent of the electrode material

The cold electrode, usually kept at room temperature, alwaye

assumes a positive polarity. With a temperature difference o( about
500"C a calorelectric force of several volts is obtained. The followln I

mechanism is proposed: electrons, produced by the hot gas, f,atn
kinetic energy from x_oleculcs ._d radicals in electronically and
vibrationally excited states, resulting from combustion reactions.

The reacting flame gas represents a _on uniform plasma in a steady

state whose electrons acquire a temperature which is considerably

above that of the hot neutral gas. As positive ions and electrons

diffuse to the electrodes, the electrons lose a small fraction of their

;$ ionic crystals is revtewed. The relationships with physical
quantities such as discolouration, luminescence, and conductivity
are discussed. There are 186 references.

C.Greave•

r'1"__



IV. THERMOELECTRIC COOLING

SOME COMMENTS ON THERMOELECTRIC
"22105 REFRIGERATION AT LOW TEMPERATbRE$.

D.K.C.MacDonald and I.M.Templeton.

"Semiconductor Physics" Conference, Prague, 1960 (see Abstr.

21113 of 1962) p. 650-3.
The problems of thermoelectric refrigeration at very low

temperatures differ in certain vital aspects from those at ambient
temperatures, i* still appears that a metal or dilute alloy offers

the best hope at very low temperatures. In recent experiments
below 20 to 4°K very dilute alloys of iron in gold showed absolute

thermoelectric powtrs as large as ~ (-) 11 × 10 "e V "z deg at
~ I°K. However, a further increase of about an order of magnitude

would be needed to hope to achieve practical refrigeration at low

temperatures. The general study of the thermoelectric behaviour
of dilute alloys with iron as solute is of fundamental interest in
itself. Dilute iron alloys with Pd and Pt as parents show quite
remarkable bel._.vtour at temperatures even below I°K; some

resultsonsuchalloysare reportedanddiscussed
_'z__

6893 THERMOELECTRIC REFRIGERATIOI_--A NEW

APPLICATION OF SEMICONDUCTORS. F.W.Gasser.

Schweiz. tech. Z. (STZ) (Switzerland), Vol. 58, No.36, 73-8 (Sept.7, i
1961). In German.

The paper gives an introduction, at a fairly elementary level, to I
the technique of Peltier cooling. The ratings and efficlencies of a few

commercially available thermo-elements are quoted and the approxim_
cost of such elements for a typical domestic refrigerator is esUmated.

The figure of merit Z is introduced and its significance discussed in ,

terms of elementary physics. K.W.Plessne L i

Some Problems in Development of Commercial Thermoelectric
Refrigerator. T.B.BURNETT. It.O.LORCII, J.E.TliOMPSON. Brlt
J Applied Physics v 12 n 11 Nov 1961 p 595-602. Accurate method
for measuring Junction electric resistance across p and n semi- Transient effect.,_ in Pettier coolers. A. D.

lieich and others. J Ap Phys 32:2493-4
conductor bars; relative mo,-!t_ of various methods of forming N '61

cooll:_g unit; heat oalance equations for refrigerator which include ..... A _ '_'_f_" ! _Lcoohng fin system; method of optimization of design Is noted. Be-
fore ,-onference on Thermoeleetricity, 1961. at Durham. Great
Britain. _..1L_ ' & _._

9626 INFLUENCE OF THERMO*ELECTRIC COOLING ON
TIlE MAGNITUDE OF THE COLLECTOR LEAKAGE

CURRENT AND THE (DISSIPATION) POWER OF GERMANIUM

JUNCTION TRANSISTORS. V.Ilbcrg and L_tom-a_:.

Slaboproudy Obzor (Czechoslovakia), Vol. 22, No. 12, 725-8 {19Q1).
Ia Czech.

The cooling element employed was based on the PelUer effect

and was in the form of a semiconductor system made from BI°Te-8#

and BI--Te--Sb. A transistor having the maximum permissible
collector dissipation P_,,. = 250 mW was mounted on the cooling ele-

ment. When keeping the input powcr Pt to the cooling element at 2W,
itwas found that l_.. of the transistor could be increased tour

times at temperatures up to 60°C, while keeping the collector leak-

age current I_ at its nominal value. The effect of variable P.

(at Pk = const.) on I_.was also Investigated. R.S.Sidorowlcg

Comparison of Theory and Exoeriment for Thermoelectric Cool-

er, M.H.NORWOOD. J Applied Physics v 32 n 12 Dec 1961 p 2559-
63. Per/ormance of single-stage Peltier thermocouples was cal-
culated using experimentally measured values of thermoelectric

power, elects.teal resistivity, and thermal conductivity as June°
tlons of temperature; calculated behavior of thermoeouples agreed
well with measured performance in 3 cases stud:ed; measured
thermocouple figure of merit agreed with that calculated from

material properties. _._ _ .._

P.39
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American-Standard Corp., Union, N. J.
FINAL DESIGN AND CONSTRUCTION DCTAILS FOR A 6000

BTU/HR. TIIERMOELECTRIC AIR CONDITIONER,
by D. H. Iiowllng •nd R. S. Bevans. 31 Dec 61,
lv. incl. illus, tables (Rept. no. TR-24-61-1)

(Contract DA _-O09-eng-464J)
Unclassified report

DESCRIPTORS_ hAir conditioning equipment,

*Thermoelectrlcity, Heat exchangers, Design.
Electrodes, Gas flow, TIn, Tin alloys,
Bismuth. Bismuth alloys, Lead alloys. Antimony

alloys. Aluminum alloys. Indium. Zinc •lloys,
Tellurides. Semiconductors, Diffusion, Resist-
ance, Electroplatlng, _athematlcal •nalysls,

Cooling.

Th_ design det•lls of a 6000 Btu/hr thermoelec-

tric air conditioner are presented. The perform-
ance speoifications •re summarized and the design

calculations •re also outlined. At deslgs
operating conditions, this air conditioner
should produce 6000 Btu/hr of cooling wltk an
over-all coefficient of performance of 0.44.

The unit is equipped with a number of small
blower_ which circulate air over the fins

attached to the cold thermoelectric Junctions and
• second set of blowers which circulate air over

the fins attached to the hot thermoelectrlc Jumc-
tlons. The air conditioner weighs approximately
85 pounds and is designed to fit conveniently is
the wall of the enclosure to be cooled. Satis-

factory Junctions were produced by electroplat{ng
the thermoelectric elements with nickel, capping

the nickel with • ]ead-tln alloy and then oven
soldering these pellets to the tinned base of
the aluminum fin blocks with s Solder wafer

placed between the capped element and the tinned
base. The electrical contact resistance of •

single Junction is of the ord_r of one mlcro-ohm

and the Joint can withstand n'tenslle load of at

least 50 Ib/sq. cm. (&uther) /_-_

540 THERMOELECTRIC RI_FRIGERATION AND ITS
TECHNICAL APPLICATIONS. S.Poganski.

AEG Mitt. (Germany), Vol. 51, No. 7-8, 259-65 (July-Aug., 1961).

In German.
Knowledge gained of semiconducting compounds in recent years

has made technical application of the Peltier effect possible. The

theory of thermoelectric refrigeration, the present state of the
concerning semiconducting Peltier junctions and the performance
of refrigeration devices developed therefrom are surveyed. The

performance is also compared with that of conventional absorber
S.S.Mitra

and compression type refrigerating devices. _ E _ , G

Unified Performance Calculations for Thermoelectric Cooling, A.

WATANABE. J Applied Physics v 33 n 1 Jan 1962 p 130-5. Normall-
z:.lion of practical quantities has yielded systematlcformsfor per-
formance calculations of idealized couple composed of 3 temperature

independent parameters; effects of contact resistance, current
ripple, and heat leak are also considered; proposed graphs of per-
formance quantities are given including no fixed parameters; tem-
perature difference normalized by Its maximum Is recommended

as "figure of performance" as criterion for opt, rating eouple_7"_:Z,

Theory and bnckgromJd of therrnoelectrlo
cooltng. _.V. ]lellmann. Can Chem Procesa
46:5%4 J& '62

Playing It Cool In Thermoelectrlcs. Can Chem Processing v 46
n 1 Jan 191;2 p 52-4. Thermoelectric material. "pseudoblnary com-
pound t of bismuth, sc!entum, tellurium and antimony, can be made
into thermocouples whteh _'[11 maintain temperature difference of
77 C. with hot ]unction of 27 C. under Influence of direct current;
applications Include laboratory cooler for Industrial use. thermo-
electric baffle for vacuum pumps, and mlerotome t,_ble; material

Is made by Needco Cooling Semiconductors Ltd. _al:_ _ _..



Thermoelectric Phenomena Assoclatedwllh Electron-Field Ernl_o
sign, P,II.LEVINE. j Applied Physics v 33 n 2 Feb 1962 p 582-7. In-
veshgatio.0 of equilibrium temperature distrihution In ideal metal
rod, one end of v. hieh is subjected to intense electric field; condi-
tions for cooling down emitting end are derived; viewed as "heat
pump", for "field emission" refrigeration, it is found that rates
in excess of 0.1 cal/sec/sq cm are possible at room temperature

if emitter work function is les__ !ham electron vail _-_.-___

New ice ma.klng- unit; York ally..Borg.._.Varner
corp. thermoelectric devlce. J /3. Elliot il

_.Iron Age 189:94 F $ '62

Selection of hot Junction temperatures for
minimum fin area thermoolce_rie refriffera-
tars. C. I4 Feldman. AStlltAl:_ J 4:68-71 I,"
"62

9232 BASES AND PROBLEMS OF THERMOELECTRIC
REFRIGERATION. K.Sagel.

VDI Z. (Germany), Vol. 104, No. 7, 325-34 (March 1, 1962).
In German.

The effectiveness of thermoelectric refrigeration as achieved

today, cannot yet compete with eomp=essor refrigeration in the
most essential fields of application. In the field of small -scale

refrigeration, however, the great advantages of PelUer refrigera-
tion render possible the development of new-type practical

equipment and simple solutions of many technical problems.
Starting from the basic principles of thermoelectric cooling and

construction of thermo-elements, designs c/actual cooling
equipments axe described and ",,he costs _ L'_stallation and r-'nrd:'4[
are estimated.

_ ,_

Zur Verbesserung der Effektlvltaet van Peltier-Element-Werk-
stoffen. G.HAACKE. Kaeltetechnik v 14 n 3 Mar 1962 p66-9.
Improvement of effectivity of Peltler element materials; upper
limit of effectivity is estimated, which has sofax not been reached,

_nd would require semiconductors with energy gaps greater than
0.15 ev; properties of some materials axe considered, pertinence
being to their use in refrigeration. _ ,_

Ther_n-o_l-e_'t-r'ic" alr c_>ndltloner. Franklin Inst
J 2"/3:261 }dr '62

Tl_ermoe ectric lee cube maker developed !1
_disk Air Cond Heat & yen 59:129 _Mr"62

AD-297 168 Div. 8

(TISTN/PCR)

Westlnghouse Electric Corp., Youngwood, Pc.

TIIERMOELECTRIC TEMPERATURE CONTROL F_R QUARTZ
CRYSTALS AND CRYSTAL OSCILLATORS.

.'Insl rept., 1 _pr 61-_1 tar 62,

eby T. D. Merritts and J. C. Taylor. 31 Mar 62,
124p. Incl. illus, tables, 16 roll.
(Contract DA 36-0_9-So-87190)

Unclssslfled report

DESCRIPTORS: "Thermoelectrlcity, SThermo-

couples. "Crystal oscillators, Temperature,
Theory, Cooling, Design, Semlconductors,
Circuits. Rectifiers, Inverter circuits,
Inverters. Resistance (Electrical). Thermal

conductivity. Analog computers, Photographs.
Control systems, Quartz.

An approximate design procedure on a thermo-

electric single couple is presented using
average values of material parameters. Emphasis
is placed on which of the variables (hot side

temperature, cold side temperature and net heat
pumping rat_), may be specified. Two bssl¢
unknowns arise in the solutio for the behavior

of s thermoelectrically cooled chamber. The
first Is the heat flow-temperature dlfferes©e

characteristic of the heat rejecting fins. The
second is the rate of heat leak through the
chamber walls into the enclosure from the sur-

roundings. When both of these quantities ere
established. It Is theoretically possible to
describe the behavior of a given chamber nnd to

analytically design the module needed for gives
ambient conditions sad cold side temperature.

¢,stho,)

Termoelektrlska _a+Ivleda rmaterlal, O. BECKMAN, P. BERG'VALL

Eltcknik v 5 n 4 Apr 1962p 49-54. Thermoelectric semiconductors;

examples of thermoelectric cooling mild power generation to show
how theory Can help practical technology. _'_-- fb"A



Theory of l-'Iti,_g._h:,usen Cooh.r.M.ll. I':I.-S.'_DI':N. J AppIled Phys-
ics v :]3 n 5 .M.,y 19(;2 p 1800-3. Cooling syslem based on Fttlngs-
hatJ.,-t'li an(J ._ern_t-1-:ttillg_h:_usen ti|t,cts; thern_odynamtc analysis
is earricd out and coeIft_t_,ut el p,,rformance ts determined; dl-
r._ensionless thermom;,Knetie figure of mcrR deduced; for effec-

tit(, cooling, mnturi:,ls with high thcrmomagnetic numbers are re-
quired; brief reviewer rclc.w,nt transi_ tprocessesismade, which
shows that intrinsic sen_ieonductors within certain temperature
ranges, are mo_t _uitabie ior Etting._ha_sencooler. _.j_ I_ Z---

First thermoelectric cooler uses bismuth
tellurlde heat pump. 11 dlag 3iaterials in
T_estgn l_.n_ 55:12 MY' "62

_; _ T:Z.'_,Z.-

Thermoelectric coolln¢ arrives. F. 3. Starln.
il Iron Age 189:.105 My 31 '.62 Thermoelectric Generators as Power Sources for Thermoelectric

Refrigerators. B.J.STERN. Solid State Design v 3 n 5 May 1962 p
31-4. Analysis to obtain criterion for realizing optimum value of
ccefficlent of performance of combination generator and refrigera-

tor. _ ,_ 7_.

Thermoelectric Devices and Materials,R.WOLFE, J.H.WERNICK.

Bell Laboratories Rec v 40 n 6 June 1962 p 190-4. New types of

thermoelectric refrigerators and electricitygenerators; theory of
operation of semiconductors in thermcelectrlc cooling; use of dis-

ordered semiconductors and semimetals; applicationsto provide

bias for tunnel diodes, laboratory refrigerators,optical maser

coolers and quartz crystal oscillatortemperat'arecontrol. _'_(o_.

Thermoelectric air conditioner developed for
nr;vv II l_leRtin_-PJ_ ln¢ 24:4._ Je '62

THEORY OF MINORITY CARRIER THERMOELECTRIC
12393

COOLING. M.A.Melehy.
J. appl. Phys. (USA), Vol. 33, No. 6, 210(-6 (June, 1962}.

The possIbi!!_ of backward injection of minority carriers In
p-n junctions is shown. It is predicted that h. a forward-bL'_ed

p-n junction where this type of injection occurs, heat energy i=
pumped out of the Junction causing it to cool off. SOme condlUmm
which lead to backward injection of minority carriers are des-

cribed. Theory is presented for a particular p-n Junction model
In which this new cooling effect takes place. It is shown that •

given d.c. electrical energy may be used to pump nearly an equal
amount of heat en_.rgy from one of the Junctions to the nelghboorlnll
ones provided that the junction temperatures axe sufficiently close

toeach_er. _ _A "/_Z-

THE pROSPECTS FOR ETTINGSHAUSEN AND

12389 PELTIER COOLING AT LOW TEMPERATURES.

R.T.Delves.
Brit. J. appl. Phys., Vol. 13, No.9, 440-5 (Sept., 1962).

It is shown that the ambtpola_ Etttngshansen effect might be

employed in a semi-metal or an intrinsic semiconductor to obtala

useful cooling. The material should preferably have an energy gap

less than kT, high effective masses and mobiliUes for both elec-

txons and holes and a low latticethermal conductivity. R Is more

likely that the right combination of properties will be found at low

temperatures than at room temperature. It isalso possible that

phonon drag effects could Incvease the cooling effect. For this to

happen the requirements are the same, except that the lattice ther-
mal conductivity need not be low. So far, materials which have the

required properties have not been found but by extrapol=tlng from
known semiconductors and semi-mct:fls it is estimated that 80"C

of cooling at B0°K might be obtained from purely electronic effectl.

Higher values are rather unlikely, unless phonon drag effects could

be exploited. Pcltier cooling at low temperatures is also discussed

Tl_e-rm_l_c.t'ric air - co'nc[itfo'ne_- "l'or People
te_ted, il Elec _n¢ 81:5_4 Ji '$_.

Refrigeration without a motor; thexmoelectrtc
cOOling, diag Food Erug 34:81 S '62

_438 COMPARISON OF ZONE MELTED AND SINTERED

MATERIAL FOR THERMOELECTRIC REFRIGERATION

DEVICES. A.R.Sheard.

J. Electronics and Control (GB), Vol.13, No.3, 253-62 {Sept.,1962).

Some advantages of powder metallurgy techniques for the pre-

paratlon ofbismuth telluride type alloys are discussed. Emphasis

Is placed on the ease of preparation, uniformity, reliabilityand

mechanical advantage of powder metallurgy prodaets. E E_t' _3



_D-286785 Day. 25
(TISTN/EJH) OTS price $2.60

New York State Coll. of Ceramics, Alfred U.

STEADY STATE AND TRANSIENT TIIEORY OF THERItO-
ELECTRIC COOLING JUNCTIONS.

Technical rept. on Semiconducting Usterlall,

by T. J. Gray. Sep 62, 23p. Incl. illus, table,
6 rein.

(Contract Nonr-150301, ProJ. NR 015-215)
Unclassified report

DESCRIPTORS! *Thermoelectrlcity, uCoollng,

*SemiconductorS, Theory, mathematical analysis,

Integral transforms, Solid state physic•,

The theory of Peltier cooling with semiconductor•

has. up to this date, been dealt with in • llm-
ited manner. Equations expressing the stationary
and transient behavior of Peltier cooling Junc-
tions have been used to determine the theoretical
behavior of thermoelements subject to direct cur-

rent as well as to pulses of varying shape.

length, and frequency. These equations have es-
tablished results which, although agreeing In

some respects, are not always consistent with

experimental evidence. It seems that where dis-

agreements do arise, the reason is that not all
conditions intervening in Peltier cooling have

been considered in these equations, condition•
which are considered too Important to be neg-
lected. The exact solution of an equation which
takes more factors into account and which ex-

presses the stationary and transient behavior of
Peltier cooling Junctions is presented. (Author)

AD-_O_ 802 DIv. 25. 8. 9
(TISTU/PCR) OTS price $4.60

Rome Air Development Center. Grlftlss Alr Force
Base, N. T.

INVESTIGATION OF UNCONVENTIONAL COOLING
TECHNIQUES.

by John B. NcCormick and Thomas R. Malsk,
Nov 62, 4_P.

ProJ. 5519, Task 55190t,

RADC RAS TN62 6 Uacla'sified report

Descriptors: *Cooling. UThermoelectrlclty.
JUltrssonic radiation, UCryogenlcs, Naterlals,
Banufecturlng methods. Low temperature re-

search. Power suppli-.s, Resistance (Electri-
cal). Resistors, Transistors, Germanium.
Cnpacltora. Liquefied gases. Nitrogen, Elec-
tronic equipment. Solid state physics. Sea/-
conductors. Capacitance, Electric potential.
Bismuth compounds. Tellurides. Transducers
(Acoustic). Tltanates. Barium compounds,
Silicon.

Thermoelectric and ultrasonic cooling techniques
were investigated along with cooling by immersion
in u cryogenic fluid. The purpose of this effort
was to determine the applicability of these tech-

niques for the cooling of electronic equipment.
Experimental results are evaluated, a comparison
of these techniques has been included, and recom-
mendations concerning the application of each
technique are presented. (Autl_or)

//7

Developments in Field of Thern_o-Electrlelty, G.GRAMBEI_G.
iLG. PLUST. Brown Boverl Rev v 49 n 11-12 Nov-Dec 1962p

501-14. Principles of thermoelectric production of energy and
electrothermal refrigeration are discussed In connection tvlth
production and properties, technological problems, and measure-
merits of thermoelectric materials; salient points concerning de-
velopment work of electrothermal refrigeration, construction of

equlpment and applications. _-_



3_}98 TIIEORY OF Tile NERNST-ETTINGSIIAUSEN

GEN EKATOR. D.A.Wright.

Brit. J. appl. Phys.. Vol. 13, No. t2, 583-6 (Dec., 1962).

The theory is developed for using the Nernst- Ettingshausen

effect in non-degenerate semicoqductors as a generator of power.

A figure of mezlt is determb,.ed, and it is shown that the maximum

efficiency _,, depends upon this together with the operating tempera°

tures. The efficiency is determined for the semiconductor itselfp

disrege_-ding the l_'.'.'errequired to produce the magnetic field.For

an extrinsic semiconductor q., passes through a maximum as

magnetic fieldrises, but for the temperatures considered (T== I000°C,

T c = 0°C) this is only 0"75_, even when the semiconductor para-

meters are particularly favourable. For an intrinsicsemiconductor,

however, much better performance is possible, but only at very

high magnetic fields and with favourable materials. Electrors and

holes must both have high mobilitles at the operating temperatures,

and the latticethermal conductivity must be very low. The energy

gap must also be within an optimum range. Magnetic fields well

above 104 Oe "willbe necessary. The use of superconducting

magnets would, however, make this possible. _ _ ¢_"_

Tl._('rm.o_.lectrlc cooling. J.
lad l:h'ctro_lic:_ 1:110-13 E. I_ean. dingsN; 132-4 _ '

IAD-299 975 Dtv. 2_"

(T[STR/ODN) OTS price S6.60

Loufslsns State U.. Bston Rouge.

EFFECT OF PRESSURE ON THE 0SCILLATION, S PERIOD

IN THE ETTINGSHAUSEN-NERHST EFFECT IN ZINC AT
IIHELIUI TEMPERATURE.

Interim rept. se. _,

by R. J. Deck, C. G. Greuler, and J. R. Reynolds.Jan 63. 62p.

(Grant DA-ORD-31-124-61.G76)

(AROD 1_79:10) Onclssslfied report

DESCRIPTORS! SZlnc ' eThermoelectrlcity '

Liquefied gases, Cryogenics. Hall effect,
Helium. Hydrogen. Solidified gases. Oscills.

tions. 8rlllouin zones. Pressure. Exper/meutsl
duts. Metslllc Crystals. Theory .

Selection of Hot Junction Temperatures for Minimum Fin Area ._
Thermoelectric Refrigerators. C.L.FELDMAN. ASHRAE--Trans v
68 1962 p 48-55. Comparative advantages of first order and second

order theories used In calculation of hot Junction temperatures!
graphical solution to first order optimization e :qatlon; optimum
temperature rise ss function of thermoelectric _.',L-ure of M_r'._;
optimum temperature difference found for S dlfferea, tempera-ture combinations.

D_._amle Behavior of Thermoelectric F.cat Pump, R.Z1TO, Jr.
Electro-Technology v 71 n 2 Feb 1963 p64-9. Fundamental aspects
of thermoelectric phenomena are outlined and their significance
wtth regard to operation of heat pump (refrigerator) Is given in
detail; basic design parameters for such system. _ / _ "_

• 3841 DYNAMIC BEHAVIOR OF A THERMOELECTRIC HEAT

PUMP. R.Zito,Jr.

Electro-Technology (USA), Vol.71, No. 9 64-70 (Feb., 1963).
The fundamental aspects of thermoelectric phenomena axe

outlined and their significance with regard to the operation of a
heat l_mp (refrigerator) is given in detail. An outline of the basic

design parameters for such a system is presented. _F-._i _*a_

Thermoelectric coolln_. O. Romaine. blbliolr
_n_ce/Aeronauttcs 38 no 2:]P 15-19 '62-63

14956 FOUNDATIONS OF THERMOELECTRIC
REFRIGERATION. I. l.J.Navaxro Mar_nez.

Bey. Clenc. apL (Spain), VoL 17, No. 1, 22-4 (Jan.-Feb.. 1965).
In Spanish.

Reviews the thermodynamics of thermoelectric refrigeratioL
L.Pincherlo



f 8575 THE PERFORMANCE OF A THERMOELECTRIC HE'AT

PUMP WITH SURFACE IIEAT TRANSFER.

C.N.Rollinger and J.E.Sundcrland.

Solld-State Electronics (GB), Vol. 6.47-57 (Jan.- Feb. .1963}.

The differential equations which describe the steady state tent-

perature distribution in a thermoelement with constant properties
and with (,onveetive heat transfer front its longitudinal surface are

presented and solved analytically. The solutions are applied to a
single-element thermoelectric heat pump to determine the effect of
surface heat transfer upon the m:tximum temperature difference.
the maximum heat pumping, and the maximum coefficient of per-

formance. The results show that each of these three performance
criteria can be increased through the use of surface heat transfer.

It appears that gains in the rfiaximum heat pumping of the order of
200_ are readily attainable through the use of this heat transfer

mechanism. Gains in performance are found to increase as the
convective heat transfer coefficient increases. The results show

that in order to use surface heat transfer to improve performance.

part of the element near the cold junction must always be insulated.
The expressions which are presented can be used to calculate the

optimum fraction of the element to be insulated, for any given set of

eo,_io_,,, f'_} r_,3

Die elektrothermische Kuehlung, F.SAWITZKL Elektrowaerme
v 21 n 3 Max 1963 p 117-21. Thermoelectric cooling; method based
On peltter effect is especially important in cases where small

areas or spaces must be cooled; energy conversion phenomena
occurring in cooling element are explained and relatlonshtp be-
tween rate of heat absorption and coefficient of performance and

tnput of electric current described; design of Pettier element
given; some applications are outlined to show type of coollng

_roblerns that can be solved advantageously by using modern
PelUer units. _-T_ (;

Theory of _;ernst Generators and Refrigerators. I_LH.NORWO_D.
J Applied Physics v 34 n 3 Mar 1963 p 594-9. Formulas for ef-
ficiency and coefficient of performance derived for devices based
on Nerns*. and Etttngshausen effects; equatio-.q reduce to those o(
Herman and Honlg but they do not approach Carnot limits; to ob-
tain better device theory, one must solve 2 dimensional partial
differential equntion in which current density Is allowed to vary
with position; Hg-Cd-Te alloys axe perhaps bestmatertale at p r_
ent.

Thermcmagnetlc Figure of Merit and Ettlngshausen Cooling in
BI-Sb Alleys. K.F.CUFF. R.B.HORST. J.L.WEAVER. S.R.HAW°
KINS. C.F.KOOI. G.M.ENSLOW. Applied Physics Letters v 2 n 8
Apr 15 1963 p 145-6. Cooling below heat sink temperature obtained
using t'ttlngshauscn cooler eonsl,_ting of properly oriented single
crystal of B1{97)_(5); Ettingshauscn refrigerator requires only 1
element in contrast to Peltier refrigerator which requires both
n-type and p--type element; also. properly sh,lped single element

can provide performance of infinitely staged cooler. ,c_,_- f/

14957 FOUNDATIONS OF THERMOELECTRIC

REFRIGERATION. II. J.Navarro Marlines.

Rev. Cienc. apL (Spain), CoL 17, No. 2, 126-31 (Maxch-Aprflp 1963).
Discusses particularly the figure of nterR of various

sGmloonductorg, L.Pincherl#

Review of Thermoelectric Refrigeration, R.L.EICHHORN. IEEE
--Proc v 51 n 5 May 1963 p 721-5. I_rinclples of thermoelectric
refrigerntion, and current sta'_e of art In thermoelec'rtc zvaterlals;
design problems In developlr_ thern_oelectrle devices and some
of current techniques used to solve them; some Irurormatton Is

provided on devices that have been built for Uhlted States Navy and

for commercial application. _,_ t'_[_

Itrttid frt,_.ze-drvlng of biological tissues with
A th,q-1_loele_'iricu_tlt. A. O. I-_.Pearse.
I,iblio_ II J ._,el In._tr 40:176-'/ An '63



10027THERMOELECTRIC TzlANSIENTS.

J.B,Horvay.
IEEE Trans Appllc. Industr. (USA), No. 66, 111-15 (May, 1963):

It is possible in a thermoelectric cooling device to obtain sig-

nificantly reduced cold-Junctien temperatures, compared to the
steady-state values, by utilizing transient conditions. This effect

is only temporary, and it might find applications where the aim is
to reach the coldest possible temperature with mlnin;um equipment

in the shortest time, without need to maintain that temperature

once it is reached. A thermoelectric cooling device was tmllt to
demonstrate the practicality of the transient effect. _-_ EI_ r_

Cooled micro._cope .qtage using semiconductor
tLermoolectric cooling. J. C. W. Crawley.
diags J Scl Instr 40:330 Je '63

OZI._OD

8600 THERMOELECTRIC AND THERMOMAGNETIC COOLII40,
H.J.Goldsmid.

Industr. Electronics (GB), Vol. 1, No. 8j 441-4 (May, 1965).

Altho,gh the Peltier effect has been known • long time, it Is
only recently that materials have been developed which have

ounbled it to be of practical use. The article discusses the require-

ments and considers the possibilities of another effect--the little-
91 known Ettingshausen effect..

•_ _:/_ ,_-_

10029 CONSTRUCTIONAL DESIGN AND USE OF PELTIER

REFRIGERATING UNITS IN REFRIGERATING SYSTEMS.
H.M_ller.

SlemensoZ. (C,ermany), Vol. 37, No. 5, 383-8 (May, 1963). In German.

An account of thermoelectric phenomena is followed by details
of the Peltier effect and the power balance of Peltier elements_ An

a_praisal cf theeconomy of Peltier refrigerating units indicates
their possible range of application. In conclusion some examples ¢_

the use of Peltler refrigerating units in small refrigerating systems

are noted. _F)' _'

Thermoelectric Heating and Cooling--Appllcatio r, to Air-Condi-
tioning Systems, A.B.NEWTON, K.V.SCI4_tlTTLE. ASME--Pap_r
63-MD-10 for meeting May 20-23 1963 7 p. Application of semi-
conductor materials, e.g., bismuth tellurlde, to thermoelectetO
heat pump air conditioning system, resulting in lmprovedoperatinm

and more precise control of temperature and humidity. _-_-/e_

Ice voint maintaine(_ thermoelectrleallY and
re_ui_ted b_" ehan_e o[ state. @. D. Cox
and XV. 1) Edwards. dials It Scl lnstr 34:
"/04-5 Jo '63

Theory of Longitudinally Isothermal Etttngshausen Cooler, C.F.
KOOI, B.B.ItORSTo K.F.CUFF, S.R.HAWKLNS. J Applied Physics
v 34 n 6 June 1963 p 1735-42. Temperature distribution, maximum
temperatuxe difference, and coefficient of performance are deter-
mined for cooler of rectangular cross section_ calculation is car-
ried out for 2 cases, temperature independent transport coeffi-
cients and Nernst and resistivity coefficientS proportional to T-_$
in both cases resultS differ from Peltter cooler only for tempers-

lure distribution; this allows validity of results to be established
for all possible values of figure of merit. _

Reference Junctions, L.SILVERMAN. Instruments & ControlS)s-
tems v 36 n 6 June 1963 p 107-8. Tllermocouple reference Junctions
are described to compensate for voltage produced by thermal emf
at secondary junctions; Junction by Consolidated Ohmic Devices,
Inc are discussed, used in Saturn, NIke, Zeusand other mlsslleq....

...... ,,. ,-,,,..,. ,,,t_/.wJ"



8604 EXPERIMENTS wrFil PELTIER JUNCTIONS PULSED

WITH HIGH TRANSIENT CURRENTS.
M.Idnurm and K._deeker.

J. appl. Phys. (USA), Vol. 34, No.6, 1806-10 (June, 1963).
I_ndecker and Flndlay [see Abstr. 16762A of 1962; Solid-state

Electronics (GB), Vol. 3, No. 3-4, 239-60 (Nov.-Dec., 1961)J.that
when transient currents are passed through a coolin C Peltter Junction

the resulting transient temperature depends stongly on the current

_veform. In particular, an extremal of the current as a function
of time exists for which the resulting transient temperature
is much lower than for any other current waveform. With the aid

of an experimental method developed for the purpose, tempera-
bares well below 100°K were in fact observed with bismuth

telluride Junctions. Since the occurrence of tempera_re transients

producing such low Junction temperatures is rather difficult to
reconcile with some notions of solid-state theory, these results
have been re-examined for current densities of up to 44000 A/era a
using a modi._ied technique that eliminates possible sOurces of

systematic errors in the previous r-?thod. The results may be
summarized as follows. Up to the highest current densities that

could be produced a monotonic _n_ease of the temperature drop
with final current density was c,bserve_. The final temperature

drops ranged from 205 ° to 120 ° measured from a reference tempera-
ture of "_20 ° (room temperature) depending on the efficlencles of

the Junctions. These efficiencles w_.,re difficult to predict from
the performance of the junctions with stationary currents. For

the highest currents and the very low transient temperatures'an
error of up to 150 ° may arise front imperfect heat transfer from

the hot Junctions to the water-cooled heat s;nks unless special

probes are provided to measure the Seebeck voltage. It Is vezy
likely that the accuracy of the measurements cannot be expected
to be improved much further as long as grown crystalline n and
p branches are used. It is hoped to produce slntered Junctions of

=ore suitable shape and greater mechanical strength for further
experiments.

10026 GRAPmC^L METHODS OF SOLVING THERMOELEC-÷_C.

HEAT-PUMP PROBLEMS. P.C.Watson.

Electro-Technology (USA), Vol. 71, No. 6, 74-7 (June, 1963).

A test procedure is outlined for producing characteristic data

of heat-pump modules as the basis of working charts for cooling-
systems design. Six examples and their solutions are presented.

_:_/_ ,b._

Etttngshausen Cooling In Pyrolytic Graphite, D.A.WRIGHT. Brit
J Applied Physics v 14 n 6 June 1963 p 329-34. One of few mate-
rials having small energy gap and high mobility of electrons and
holes at low temperature Is single crystal graphite; measurement
of Nerst coefficient for pyrolytic graphite as deposRed st 2100-
2200 C; reheated pyrolytic graphite is not likely to give pLol_lP

drag effects as large as in natural single crystals. _L---_ (_

" 15638 MINORITY CARRIER THERMOELECTRIC COOLING.
W.M.Bullis.

J. appl. Phys. (USA), _ol. 34, No. 6. 1648-9 (June, 1963).

The fallacy in a recently proposed theory of minority-carrier
cooling is pointed out. The correct approach is given and the current
literature on the subject is summarized. It is emphasized that

cooling devices utilizing minority-carrier effects are normally less

efficient than conventional thermocouple modules. _ t (@ "_

Thermoelectric and Thermomagnetlc Cooling, H.J.GOLDSMID.
Indus Electronics v I n 8. 9 May 1963 p 441-4. June p 467-70.

IMay. Review of prlncipal physical pa.-an'_eterscharacterizing suit-

abllltyof semlconductors for thermoelectric cooling; characteris-
tlcs of bismuth tellurldealone and alloyed with antimony tellu.rlde

and bismuth selenlde. June. Examples of thermoelectric cooling

unlts; Ettlngshausen (thermomagnetlc) effectexamined theoretically
and its potentialperformance compared wlth Peltler(thermoelec-

tric)effect-"ItIs concluded that electroniccooling appllcatlonswill

probably favor thermoelectric coolingfor room-temperature range,

thermomagnetlc cooling for extremely low-temperatt_r_:range.

ICxperiments with l'eltler Junctions pulsed
with high transient currents. M. Idnurm
and K. l.andc_cker. It diag J Ap Phys 3¢:

_.1806-10 Je '63

AS _T3_ '/_5



19167 THERMOELECTRICAL COOLING: MATERIAL

CHARACTERISTICS AND APPLICATIONS. A.G.Heaton.

Proc. Instn Elect. Engrs (GB), Vol. II0, No. 7, 1277-87 (July, 1963).

The most outstanding and useful application of the reversible

thermal and electrical effects, which occur at the Junctions of

certain semiconductors, is the application of the Peltier effect to

small-scale cooling. The theory of Peltier cooling is outlined,

together with methods of producing couples, or multi-coupleunits,

from the basic p- and n-type thermoelements available comn_erically.

Simple measurements can be made during construction to ensure

that units perform In a predictable manner. To illustrate the

particular problems involved in thermoelectric measurements, an
account Is given of rapid-check methods and of the more sophisti-

cated techr, lques used to ascertain the quality of thermoelements
_.nd couples. The design of a manual!y-variable power supply
capable of producing smooth direct current for a range of composite

cooling units is considered, with a view to obtaining a compact
reliable unit by using transductor control. A constant-temperature
enclosure is described which is intended for use as a cold-Junction

reference for conventional thermoccuples in place of the more usual
ice/water reference used for temperature measurements. This Is

an example of a simple on-off control of cooling power. Finally the
design and performance of a dew-point hygrometer are given in order
to illustrate the potentialities of thermoelectric cooling applied under

proportional servo-controi conditions. I)Pt ¢ (_ "_

•fher_noelectric immersion cooler developed;
Whirlpool corp. ilChem & Eng N iX:S0 J1
29 '63

Thermolectrical cooling; material character-
istics _tnd applications. A. G. HeatoL
dlaJ;s Inst I_ ]_ Proc 110:1277-$7 Ji '63

Nernst-Ettingshausen (Transverse) Energy Conversion. T.C.
HARMAN. J.M.HONIG. Semiconductor Products v 6 n 7 July 1963
p 19-24. Su_,ey of direct energy conversion based on Nernst and
Ettingshausen (NE) effects, comparing it with Seebeck-Peltter
{SP) techniques; principles of NE generato:s and refrigerators;
operating-characteristic equations of SP and NE devices compared
as to optimal efficiency of generator, optimization requirement,
figure of merit, optimal coefficient of performance ofrefrtgeratoro
and optimal temperature difference of refrlgeratoi- uncler zeroheat
load; criteria for optimizing NE device performance; recent ex-

periments and future prospects. 23 refs. E..T_ [oq

_,rundlagen der thermoelektrlschen Kaelteerzeugung, E.B.PEN-
ROD. Kaeltete_hnlk v 15 n 8 Aug 1963 p 219-26. Fundar.c_i_la of

thermoelectric refrlgeration; Seebeck. Peltler, Thom_,m effect8
and Joule and conduction heat are In allthermocoupleJ when tl-._y

are used as thermoelectric refrigerating machines; these effects
are clarified, and equations applicable to all thermocouples aJe
introduced for dcterm!=!ng performance char_c__er!st!c_ of b_'_!y
Idealized thermoelectric refrigerator consisting of _ng, lu t_,©rmo-
¢o_ple _ module. _ , _ -_
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13157 APPROXIMATE DYNAMIC RESPONSE CALCULATIONS

FOR THERMOELECTRIC PELTIER-EFFECT DEVICEE

P.E.Gray.

Solid-State Electronics (GB), Vol. 6, He. 4, 339-48 (July-Aug., 1963).

In most applications of thermoelectric cooling devices that
require close control of temperature, the dynamic or non-steady-

statebehaviour of the entire system is important. Previously

reported dynamic characterizations of such systems have yielded

predictions of performance that are in good agreeement with

observed performance. However, these methods, which take into

account the distributed nature of the thermoelectric device, give

moderately complicated results that are not easy to apply. It is

shown that for most cases of practical interest the dynamic response

of the thermoelectric temperature-control system is dominated by

the thermal mass of the load. Accordingly, the dTn_-_nlcoperation

of the thermoelectric cooling device can be regarded as a successlon

of steady states, and the distributed system can be lumped, tarts

yielding accurate approximate results that are simple and easy to

apply. The con_tions under which _Jch a representation Is valid

are delineated, and the corresponding approximate results are

obtained in the form of transfer functions. The step response of a

temperature-control system is determined by means of this approxl-

w;..temethod and compared with the response determined from

consideration of the complete distributed system. This comparlsoa

shows that the lumped approximtation is a valid and useful

characterization of thermoelectric temperature-control systems, i/_._

15161 THE EFFECT OF FINITE HOT AND FINITE COLD

JUNCTION FINS ON THE PERFORMANCE OF A
THERMOELECTRIC HEAT PUMP. L.J.Y'oarrondo.

Solid-State Electronics (GB), Vol. 6, No. 4, 357-64 (July-Aug., 1963).

Analytical solutions are given for the steady-state temperature
distribution, no-load temperature difference, heat-pttmplng capacity
and coefficient of performance of a thermoelement used as a thermo-

electric heat _mp with finite hot and cold Junctlon fins. The longi-
tudinal surface of the thermoelement is assumed to be insul_ed.

The surface heat-transfer coefficient over the hot and cold Junction

fins is axbltr_'y. A numerical example is worked in which per-

refinance curves are compared for cases of infiniteand finitetln

conductance at the Junctions of a simple thermoelectric heat pomp.

A method of augmenting device performance by realistic fin design

Is shown; or, conversely, a method of economizing on fin size and

the anticipated decrease in device perlormance is shown._. (_

Design-in )'ot_r own thermoelectric coollnz.
Crump. ii dings Product Eng 34:81-_ _1

.16 '63 .

Transient Performance of Thermoelectric Refrl'gerator under
Step-Current Control, W.F.STOECKEH, J.B.CHADDOCK. ASHRAE

J v 5 n 9 Sept 1963 p 61-7. Equation Is derived that given accurate
predictions for transient temperature of cold Junction, provided
assttmed boundary conditions of equation are reasonably sails-

fled In opcratlon of couple; laboratory experiments show that

equation can be applied to calculation of performance of thermo-

electric refrigerator during start-up from Idle condition, or to

cumulative performance which will result from capacity regula-

tion by step-current control, _.r {P,_

¢ Thermoelectric Systems of Cooling and Heating, A.B.NEWTON.
Heating, Piping & Air Conditioning v 35 n 10 Oct 1963 p 123-7.
Discussion of factors thatmust be considered in desig_ of thermo-
electric systems; analysis of new design concepts,applicationteeho

nlques and properties for materla_ selection and for predlctln_

relationships of system performance. _:_:T,_ I (c(f
• • .... _ea,

Study of design problems and mode of opera-
tion for thetnnoelectric r_fr _erators. T. 34.
Elfving. bibliog II dlaga A._IilLAF, J 5:69-760 '63
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